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I.    THE    ILLUMINATED    DISC    OF   THE    MOON. 
By  Lieut.-Colonel  A.  W.  Drayson,  R.A.,  F.R.A.S. 

N  the  examples  Which  we  have  given  relative  to  the  pole 
star  and  the  pointers,  the  reader's  attention  has  been 
direfted  towards  the  northern  portions  of  the  heavens, 
and  to  those  curves  and  straight  lines  affed^ing  certain 
phenomena  connefted  with  the  apparent  motion  of  the 
celestial  bodies.  We  will  now  call  attention  to  the  southern 
portion  of  the  heavens,  and  refer  to  those  laws  which  affedl 
the  apparent  position  of  celestial  objedls  near  the  Southern 
Meridian. 

In  order  to  comprehend  the  relative  position  of  celestial 
objedts  as  regards  the  equator  of  the  earth,  it  is  necessary  to 
trace  out  on  the  sphere  of  the  heavens  an  imaginary  arch 
or  curve  which  represents  exactly  in  the  heavens  that  curve 
which  the  equino(5lial  (that  is  the  equator  produced  to  the 
sphere  of  the  heavens)  actually  occupies  in  the  heavens. 

To  an  observer  situated  at  the  North  Pole  the  equinoftial 
would  be  a  great  circle  in  the  heavens,  exaftly  coincident 
with  his  horizon.  To  an  observer  in  45"*  north  latitude  the 
equinoftial  would  appear  an  arch  in  the  heavens,  45*"  above 
his  horizon  dire(5lly  south,  and  coincident  with  his  horizon 
at  the  east  and  west  points.  To  an  observer  at  the  equator 
the  equinoctial  would  appear  a  straight  line,  cutting  the 
east  and  west  points  of  the  horizon,  and  passing  through 
the  zenith. 

The  apparent  curve  or  arch  in  the  heavens  formed  by  the 
equinoftial,  as  seen  from  latitude  45°  north,  can  be  traced 
out  with  great  accuracy.  The  altitude  of  the  equinodlial 
on  the  meridian  is  always  equal  to  the  co-latitude ;  thus 
the  meridian  altitude  of  the  equinodlial  for  45°  north  latitude 
will  be  45^     Taking  arcs  of  the  equinochial  of  10'',  we 
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should  have  the  following  as  the  altitude  of  the  points  io° 
distant  from  each  other,  viz. : — 

7     3 
14'    o' 

20°  42' 
27'  2' 
32^  48' 
3f  46' 
41"  38' 
44^  8' 
45°    o' 

Thus,  in  the  following  figure,  let  m  r  represent  a  portion 
of  the  meridian,  e  w  the  horizon,  M  the  south  point  of  the 
horizon,  E  the  east  and  w  the  west  points.  The  arc, 
E,  a,  6,  c,  R,  is  the  equinodlial,  being  that  quadrant  between 
the  east  point  on  the  horizon,  and  the  meridian,  a,  6,  c,  &c., 
represent  arcs  of  10°. 

Fig.  I. 


The  point  a  will  be  7"*  3'  above  the  horizon,  b  14**  above 
the  horizon,  c  20°  42',  and  so  on.  In  the  same  manner  the 
curve  from  R  to  w  may  be  traced  out  during  the  whole 
quadrant. 

Let  us  suppose  that  there  are  three  stars,  a,  b,  c,  situated 
on  the  equinoctial,  and  in  the  positions  indicated  by  a,  6, 
and  c.  Also  that  another  star  was  situated  at  o,  also  on 
the  equinodtial. 

To  an  observer  at  the  North  Pole  these  four  stars  would 
appear  on  the  horizon,  and  a  straight  line  joining  a  and  c 
would  pass  through  6,  and  if  produced  would  pass  through 
the  star  o.  To  an  observer  at  the  equator,  on  the  meridian, 
of  which  R  M  is  a  part,  and  so  situated  that  R  was  in  the 
zenith,  the  three  stars,  a,  6,  c,  would  also  appear  in  the  same 
straight  line,  and  this  straight  line  if  produced  would  pass 
through  o. 
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To  an  observer  at  45°north  latitude  the  line  passing  through 
a,  b,  and  c  would  not  be  a  straight  line,  or  would  not  appear 
as  a  straight  line.  If  the  stars,  a  and  c,  be  joined  by  a 
straight  line,  and  this  straight  line  were  produced  in  the 
diredlion  of  and  beyond  the  meridian,  r  m,  this  line  would 
not  pass  through  o.  In  order  to  pass  through  o  this  line 
must  be  curved  and  not  straight,  and  no  straight  line  joining 
a  and  c  and  produced  would  pass  through  the  star  o,  if  the 
observer  were  in  45°  north  latitude.  Having  examined 
these  fafts,  we  will  now  note  how  the  same  laws  apply  to 
the  illuminated  disc  of  the  moon. 

The  moon  shines  and  is  visible  to  us  in  consequence  of 
the  light  of  the  sun  and  because  of  the  moon  refledling  this 
light.  The  moon  being  a  sphere,  it  follows  that  half  the 
moon  must  at  all  times  be  illuminated  by  the  sun.  When 
the  illuminated  portion  of  the  moon  is  turned  diredlly 
towards  the  earth  the  moon  is  of  course  full ;  when  this  is 
the  case  the  moon  and  the  sun  as  seen  from  the  earth  are 
180**  apart. 

When  the  moon  and  the  sun  as  seen  from  the  earth  are 
90°  apart  the  moon  will  appear  half  illuminated,  the  illumi- 
nated hemisphere  visible  to  us  being  turned  exaftly  towards 
the  sun. 

Let  us  take  for  illustration  the  following  conditions : — 
The  moon  and  the  sun  both  on  the  equinoftial,  the  moon 
apparently  half  illuminated,  the  sun  therefore  90"*  from  the 
moon. 

Under  the  above  conditions,  we  will  suppose  an  observer 
situated  at  the  North  Pole  of  the  earth,  and  we  will  examine 
the  appearance  of  the  moon  and  sun  as  seen  by  him. 

To  an  observer  at  the  North  Pole  the  equinoftial  would 
coincide  with  the  horizon ;  consequently,  the  moon  and  the 
sun  would  both  appear  on  the  horizon,  and  90''  apart.  The 
line  separating  the  dark  part  from  the  light  part  of  the 
moon  would  appear  at  right  angles  to  the  horizon ;  conse- 
quently a  line  drawn  at  right  angles  to  the  line  separating 

Fig.  2. 
"Mi  0 

n cf 

the  light  part  from  the  dark  part  of  the  moon,  and  produced, 
would  pass  through  the  sun*s  centre.  The  appearance  of 
the  half  moon  and  the  sun  to  an  observer  at  the  North  Pole 
would  be,  as  shown  in  the  sketch  above  (Fig.  2),  where 
M  represents  the  moon,  s  the  sun,  and  the  line  h  r  the 
horizon. 
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The  point,  however,  to  which  particular  attention  is 
dire<5led  i^  that  the  line  drawn  at  right  angles  to  the  line  of 
light  and  shade  on  the  moon,  and  produced  towards  the 
sun,  will  pass  exactly  through  the  sun's  centre.  Such  a 
line  is  h  r. 

The  moon  and  the  sun,  as  here  shown,  are  go""  distant 
from  each  other,  and  the  moon  consequently  is  half  illu- 
minated. 

We  will  now  suppose  exacSly  the  same  conditions  to 
prevail  as  regards  the  sun  and  the  moon's  position  in  the 
heavens.  They  will  still  be  supposed  90'  distant  from  each 
other,  and  both  situated  on  the  equino<5tial,  but  we  will  now 
examine  the  appearance  of  these  two  objedts  as  seen  by  an 
observer  on  the  equator. 

We  will  suppose  an  observer  to  be  so  situated  on  the 
equator  that  his  zenith  is  equidistant  from  the  sun  and  the 
moon.  The  sun  and  the  moon  being  90**  distant  from  each 
other,  it  follows  that  to  this  individual  the  moon  would 
have  an  altitude  of  45"  above  one  part  of  the  horizon  (say 
the  east)  where  the  equinodlial  cuts  it ;  the  sun  therefore 
would  be  45°  above  the  west  horizon.  The  line  drawn  at 
right  angles  to  the  line  of  light  and  shade  on  the  moon 
would  be  directed  past  the  zenith  and  towards  the  sun's 
centre. 

From  an  examination  of  this  and  of  the  preceding  de- 
monstration, in  which  the  appearance  of  the  sun  and  moon 
is  described  as  they  would  appear  to  an  observer  at  the 
pole,  it  will  be  evident  that  the  line  drawn  from  the  moon 
to  the  sun  must  coincide  with  the  equinoctial,  and  that 
under  the  conditions  named,  viz.,  both  the  moon  and  the 
sun  being  on  the  equinodlial,  the  line  of  light  and  shade  on 
the  moon  will  always  be  at  right  angles  to  the  equi- 
no<5lial. 

We  will  now  consider  the  appearances  presented  by  the 
sun  and  moon  when  seen  by  an  observer  in  45°  north 
latitude,  and  under  the  conditions  of  these  two  celestial 
bodies  being  90*^  apart,  both  on  the  equinodtial,  and  both 
equally  distant  from  the  meridian. 

From  the  demonstration  already  given  as  regards  the 
position  of  the  equinodlial  on  the  sphere  of  the  heavens,  we 
can  at  once  place  the  sun  and  the  moon  in  the  positions 
they  would  occupy  under  the  above  conditions. 

Thus,  let  E  H  w  (Fig.  3)  represent  the  horizon,  H  R  that 
part  of  the  meridian  intercepted  between  the  horizon  and 
the  equinodlial,  EM  RS  w  the  position  of  the- equinodlial 
on  the  sphere  of  the  heavens,  m  the  position  of  the  moon 
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45**  east  of  the  meridian,  s  the  position  of  the  sun  45**  west 
of  the  meridian. 

Fig.  3. 


AV 


Under  the  above  conditions  the  straight  line  of  the  moon 
will  be  at  right  angles  to  that  part  of  the  curved  line  formed 
by  the  equino(5liaI,  on  which  the  moon  at  the  time  is  located* 
Thus  the  moon  will  appear  tilted  sideways  as  it  were,  as 
shown  in  this  diagram,  and  the  line  of  light  and  darkness 
on  the  moon  will  not  appear  at  right  angles  to  the  horizon. 

If  we  draw  a  line  at  right  angles  to  the  line  of  light  and 
shade  on  the  moon,  and  produce  this  line  as  a  straight  line 
past  the  meridian,  h  r,  tJbis  line  will  not  now  pass  through 
the  sun's  centre,  but  will  be  traced  in  the  diredlion  of  M  Q, 
and  will  pass  considerably  above  the  sun. 

When  the  moon  reaches  the  meridian,  the  sun,  90°  from 
it,  will  be  on  the  horizon  and  in  the  west.  The  moon  will 
then  appear  in  the  position  as  regards  the  line  of  light  and 
shade  vertical^  as  shown  in  the  following  diagram  (Fig.  4), 

Fio.  4. 

-D- 


ti 


H 


where,  as  before,  H  m  is  a  part  of  the  meridian,  E  H  s  the 
horizon,  m  the  moon,  s  the  sun.  A  line  drawn  at  right 
angles  to  the  line  of  light  and  shade  on  the  moon  will  now, 
jif  produced,  be  a  line  parallel  to  the  horizon,  and  will  not 
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be  a  line  coincident  with  a  straight  line  joining  the  sun  and 
the  moon. 

In  these  two  examples  the  right  hand  side  of  the  moon  has 
been  given  as  the  illuminated  side ;  exacftly  the  same  laws 
will  hold  good  when  the  left  side  of  the  moon  is  illuminated, 
the  most  marked  effedls  being  visible  when  the  moon  is  90** 
distant  from  the  sun,  and  when  the  sun  and  moon  are 
equally  distant  from  the  horizon,  and  the  observer  is  at  or 
near  45**  latitude. 

It  may  be  difficult  for  those  individuals  who  are  not  gifted 
with  great  powers  of  observation  to  perceive  that  the 
pointers  sometimes  point  more  diredlly  towards  the  pole 
star  than  they  do  at  other  times.  We  believe,  however, 
that  this  fa<5t  is  one  which  merely  requires  attention  to  be 
diredled  to  it,  after  which  it  will  be  perceived. 

The  phenomenon  connefted  with  the  illuminated  disc  of 
the  moon  is  one  which  does  not  require  such  careful  obser- 
vation as  does  that  relative  to  the  pole  star  and  the  pointers : 
very  average  observation  will  enable  a  person  to  note  the 
fadls  to  which  we  have  called  attention  relative  to  the  illu- 
minated portion  of  the  moon's  disc  that  is  turned  towards 
the  earth.  Thus,  if  the  reader  either  does  not  understand 
the  demonstrations  here  given,  or  doubts  their  accuracy,  he 
can  examine  the  fadt  for  himself,  and  if  he  seledt  the  suitable 
conditions,  he  can  twice  a  month  observe  the  phenomenon 
in  the  heavens.  The  best  time  to  note  the  faft  is  when  the 
moon  is  in  either  the  first  or  the  last  quarter,  and  when 
consequently  she  is  half  illuminated.  If  the  moon  be  illu- 
minated on  the  west  side,  that  is  during  the  first  quarter, 
the  best  time  to  observe  the  efifedl  is  at  3  p.m.  If  the 
moon  be  illuminated  on  the  left  or  east  side  the  best  time 
will  be  9  A.M.  The  winter  time  is  better  than  the  summer, 
because  during  winter  the  moon's  light  enables  her  to  be 
better  seen  than  during  the  summer. 

The  same  geometrical  laws  of  the  sphere  which  cause  the 
pointers  to  alter  the  diredlion  in  which  they  point  relative 
to  a  fixed  star,  also  cause  the  line  of  light  and  shade  on  the 
moon  to  appear  sometimes  not  at  right  angles  to  the  line 
joining  the  moon  and  the  sun.  It  is  a  singular  law,  but  it 
is  one  not  without  interesting  results. 

Singular  as  it  may  appear  to  some  readers,  yet  it  is  a 
fa£t  that  not  one  individual  out  of  one  thousand  to  whom 
we  have  spoken  on  the  subjedl  has  ever  remarked  that  the 
pointers  did  not  always  appear  to  point  to  the  pole  star,  and 
scarcely  one  person  in  a  hundred  has  ever  remarked  that 
appearance  of  the  moon  when  half  illuminated  which  we 
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have  here  called  attention  to,  and  of  which  we  have  given 
the  geometrical  cause. 

Thus  it  may  be  said  that,  under  certain  conditions,  straight 
lines  in  the  heavens  may  appear  like  arcs  of  circles  or  ellipses, 
whilst  arcs  of  circles  appear  like  straight  lines,  and  these 
changes  are  due  to  the  relative  position  on  earth  of  the 
observer,  in  spite  of  the  fadt  that,  compared  to  the  alteration 
in  position  on  earth  of  an  observer,  the  distance  of  the 
fixed  stars  are  infinite,  and  at  a  superficial  glance  it  would 
seem  that  no  change  of  position  on  earth  could  alter  their 
apparent  relative  position  as  regards  each  other. 


II.     RAILWAY    ACCIDENTS. 
By  Fred.  Chas.  Danvers,  Assoc.  Inst.  C.E. 

0  much  attention  has  of  late  been  given  to  the  subjedl 
of  railway  accidents,  and  the  best  means  of  preventing 
them,  and  so  important  is  it  in  the  interest  of  the 
public  generally,  that  a  few  pages  of  the  "  Quarterly  Journal 
of  Science  "  may,  with  advantage,  be  devoted  to  a  consider- 
ation of  how  far  all  known  and  practicable  means  for  the 
mitigation  of  the  dangers  of  railway  travelling  have  been 
adopted.  In  investigating  this  question  we  must  refer 
briefly,  in  the  first  instance,  to  the  early  history  of  railway 
legislation,  with  a  view  to  trace  what  steps  have  been  taken 
by  the  Government  for  the  protedtion  of  travellers,  prior  to 
enquiry  as  to  what  adtion  has  been  taken  by  the  railway 
companies  themselves  with  the  same  objedt. 

The  earliest  railway  or  tramway  Adl  was  passed  in  1801, 
for  the  construction  of  a  railway  from  Wandsworth  to 
Croydon,  for  "  the  advantage  of  conveying  coals,  corn,  and 
all  goods  and  merchandise  to  and  from  the  metropolis  and 
other  places."  From  this  period  new  tramways  or  railways 
were  sandtioned  in  almost  every  session.  The  Adls  by 
which  the  earlier  railway  companies  were  established  fol- 
lowed very  closely,  in  their  general  scope,  the  provisions 
which  had  been  applied  to  canal  companies.  The  promoters 
of  the  projedt  were  constituted  a  corporation,  and  were 
authorised  to  raise  such  money,  either  by  shares  or  by 
borrowing,  as  they  required  for  completing  their  under- 
taking; and  they  were  empowered  in  their  corporate 
capacity  to  take  lands  compulsorily,  and  to  charge  tolls 
at  their  discretion  for  the  use  of  their  railway,  within  the 
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limits  of  certain  prescribed  rates,  for  various  classes  of  goods. 
In  the  Art  for  the  Liverpool  and  Manchester  Railway,  passed 
in  the  year  1825,  and  in  other  subsequent  similar  Adts,  a 
further  provision  was  introduced,  that  if  the  dividends  should 
exceed  10  per  cent  an  abatement  should  be  made  from  the 
maximum  tonnage  rates  of  5  per  cent  on  the  amount  thereof 
for  each  i  per  cent,  which  the  Company  might  divide  over 
and  above  a  dividend  of  10  per  cent  on  its  capital.  In  their 
capacity  as  owners  of  a  road,  railway  companies  were  not 
intended  by  Parliament  to  have  any  monopoly  or  preferen- 
tial use  of  the  means  of  communication  on  their  lines  of 
railway;  on  the  contrary,  provision  was  made,  in  all  or 
most  of  the  A<5ts  of  Incorporation,  to  enable  all  persons  to 
use  the  road  on  payment  of  certain  tolls  to  the  company, 
under  such  regulations  as  the  company  might  make  to 
secure  the  proper  and  convenient  use  of  the  railway.  But 
no  sooner  were  railways  worked  on  a  large  scale  with  loco- 
motive power  than  it  was  found  impradlicable  for  the  public 
in  general  to  use  the  lines,  either  with  carriages  or  loco- 
motive engines ;  and  the  railway  companies,  in  order  to 
make  their  undertakings  remunerative,  were  compelled, 
with  the  assistance  of  the  persons  who  had  been  previously 
engaged  in  the  carrying  trade  of  the  countrj^  to  embark  in 
the  business  of  common  carriers  on  their  lines  of  railway, 
and  condufl  the  whole  operations  themselves. 

In  consequence  of  the  increasing  number  of  Railway  Bills 
annually  coming  before  Parliament,  and  the  necessity  for 
securing  consistency  in  private  bill  legislation,  the  House  of 
Commons,  in  1837,  appointed  a  seledt  committee,  to  which 
were  referred  all  petitions  for  private  bills,  and  it  was  the 
duty  of  this  committee  to  decide  how  far  the  standing  orders 
had  been  complied  with  in  each  case. 

In  1840,  another  Seledl  Committee  of  the  House  of 
Commons,  appointed  to  report  on  the  railway  system,  came 
to  the  conclusion  that  the  right  secured  to  the  public  by 
the  Railway  Acts,  of  running  their  engines  and  carriages  on 
the  railways,  was  pra<5tically  a  dead  letter.  In  consequence 
of  their  recommendation  that  the  executive  government 
should  be  entrusted  with  the  duty  of  inspedting  new  lines 
of  railway,  and  of  exercising  a  general  supervision  over  the 
manner  in  which  the  railway  companies  used  their  powers, 
an  Adt  was  passed  by  which  it  was  provided  that  no  new 
railway  for  the  conveyance  of  goods  or  passengers  should  be 
opened  without  previous  notice  to  the  Board  of  Trade,  and 
the  Board  were  empowered  to  appoint  officers  to  inspedt  all 
new  railways.    The  Board  was  also  empowered  to  require. 
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under  a  penalty,  that  every  railway  company  should  deliver 
to  them  returns,  in  whatever  form  they  might  prescribe,  of 
the  traffic  in  passengers  and  goods,  as  well  as  of  accidents 
attended  with  personal  injury,  and  a  table  of  tolls  and  rates 
from  time  to  time  levied  on  passengers  and  goods.  All  bye- 
laws  already  made  by  companies  were  to  be  certified  to  the 
Board,  and  no  new  ones  were  to  be  made  without  its  sanc- 
tion. The  Board  was  also  constituted  the  guardian  of  the 
public  interests,  being  empowered  at  its  discretion  to  certify 
to  the  law  officers  of  the  Crown  any  infraction  of  the  law, 
and  the  law  officers  of  the  Crown  were  thereupon  required 
to  take  the  requisite  legal  proceedings.  The  power  which 
had  been  conferred  upon  proprietors  of  land  adjoining  rail- 
ways by  their  private  Acts  of  Parliament,  for  making 
jundlions,  was  placed  under  the  control  of  the  Board  of 
Trade,  with  a  discretion  to  regulate  the  manner  in  which  it 
should  be  exercised. 

In  1842,  the  returns  of  the  accidents  required  to  be  made 
to  the  Board  of  Trade  were  extended  to  all  cases,  whether 
or  not  they  were  attended  with  personal  injury;  and  in 
1844  parliamentary  trains  were  established  by  law,  and  the 
powers  of  the  Board  of  Trade  to  compel  railway  companies 
to  comply  with  the  law  were  extended  to  all  unauthorised 
proceedings  on  the  part  of  the  railway  companies.  In  1846 
an  A(5t  was  passed  establishing  a  Board  of  Commissioners 
of  Railways,  to  whom  the  powers  possessed  by  the  Board  of 
Trade  were  transferred  ;  but  in  1851  the  Board  of  Commis- 
sioners was  abolished,  and  its  powers  and  duties  were  re- 
transferred  to  the  Board  of  Trade. 

In  1857  a  Seledt  Committee  on  Accidents  on  Railways 
was  appointed,  who  in  their  Report  of  the  25th  June,  1858, 
classified  the  causes  of  accidents  under  the  three  following 
heads : — Inattention  of  Servants ;  Defedlive  Material,  either 
in  the  works  or  rolling  stock;  and  Excessive  Speed.  Much 
stress  was  laid  by  the  Committee  on  the  necessity  for 
pundluality  in  the  departure  and  arrival  of  trains;  they 
considered  that  it  should  be  imperative  on  every  railway 
company  to  establish  a  means  of  communication  between 
guards  and  engine-drivers,  and  that  a  system  of  telegraphic 
communication  on  the  lines  should  be  enforced,  in  order 
that  they  might  be  worked  on  the  block  system ;  and  they 
concluded  by  recommending  that,  with  respecft  to  signals, 
breaks,  and  other  precautions,  such  details  should  be  left  to 
the  management  of  the  railway  boards,  but  that  the  Boaro 
of  Trade  should  be  invested  with  further  powers  to  enabd 
them  the  more  effedtually  to  control  the  working  of  railways 

VOL.  v.  (n.s.)  c 
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with  a  view  to  diminishing  the  number  of  railway  ac- 
cidents. 

Bills  have  at  various  times  been  introduced  with  the 
objedt  of  compelling  railway  companies  to  adopt  some 
precise  system  of  working,  but  they  were  not  passed ;  and 
in  1866,  in  a  bill  of  this  nature,  it  was  for  the  first  time 
proposed  to  compel  railway  companies  to  adopt  a  means  of 
communication  between  passengers  and  guards,  and  betwjeen 
guards  and  engine-drivers  of  all  trains.  This  Bill,  however, 
did  not,  at  the  time,  become  law,  but  was  withdrawn. 

In  1865  a  Royal  Commission  was  appointed  to  enquire 
generally  into  the  subjedt  of  railways,  and  to  report,  amongst 
other  matters,  whether,  with  a  due  regard  to  the  progres- 
sive extension  of  the  railway  system,  it  would  be  practicable, 
by  means  of  any  changes  in  the  laws  relating  to  railways, 
"  more  efifedlually  to  provide  for  securing  the  safe,  expe- 
ditious, punctual,  and  cheap  transit  of  passengers  and  mer- 
chandise upon  the  said  railways.'' 

Up  to  this  date  the  legislation  upon  railways  diredled 
that  no  line  should  be  opened  until  it  had  first  been  appr6ved 
and  passed  by  the  Board  of  Trade  Inspedtors,  but  after  it 
had  been  once  opened  for  traffic  the  manner  of  working  was 
left  entirely  in  the  hands  of  the  railway  company,  power 
being,  however,  reserved  to  the  Board  of  Trade  to  cause  the 
railways,  the  engines,  and  the  carriages  to  be  inspected  by 
their  officers  whenever  they  might  think  fit,  and  they  might, 
when  applied  to,  make  regulations  for  the  safe  working  of 
the  traffic  at  the  junction  of  the  lines  of  two  companies. 
The  railway  company,  in  undertaking  the  duty  of  carriers, 
became  liable  under  the  common  law  to  compensate  persons 
injured,  and  under  Lord  CampbelFs  Adt  to  compensate  the 
relatives  of  persons  killed  by  the  company's  negligence  or 
by  that  of  their  servants.  .  Thus  Parliament  relied  upon  the 
principle  of  leaving  the  responsibility  of  the  safe  working  of 
railways  with  the  companies  rather  than  upon  giving  the 
Board  of  Trade  the  power  and  duty  of  interfering  in  the 
details  of  management. 

The  Royal  Commission  of  1865,  in  their  Report,  expressed 
the  opinion  that  the  plan  of  relying  for  the  safe  working  of 
railways  upon  the  efficiency  of  the  common  law  and  of  Lord 
Campbell's  Adt,  had  been  more  conducive  to  the  protedtion 
of  the  public  than  if  the  Board  of  Trade  had  been  empowered 
to*  interfere  in  the  detailed  arrangements  for  working  the 
traffic.  They  recommended,  however,  that,  on  the  one 
hapd,  railway  companies  should  be  absolutely  responsible 
for  all  injuries  arising  in  the  conveyance  of  passengers. 
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except  those  due  to  their  own  negligence  ;  and  that,  on  the 
other  hand,  the  liability  of  the  railway  companies  be  limited 
within  a  maximum  amount  of  compensation  for  each  class 
of  fares ;  but  that  any  passenger  should  be  entitled  to 
require  from  the  company  any  additional  amount  of  in- 
surance he  might  desire,  on  paying  for  it  according  to  a 
fixed  tariff.  They  also  recommended  that  claims  for  com- 
pensation should  not  be  admitted  unless  made  within  a 
certain  period,  and  that  the  railway  companies  should  have 
the  right  of  medical  examination  of  the  claimant;  and, 
further,  that  to  the  power  already  possessed  by  the  Board 
of  Trade  of  appointing  officers  to  inspedl  railways  and 
rolling  stock,  should  be  added  a  power  for  the  inspedling 
officer  to  require  the  attendance  of  the  officers  and  servants 
of  the  company  as  witnesses,  and  the  produ(5tion  of  books 
and  documents  bearing  on  enquiries  dircdled  by  the  Board 
of  Trade  ;  and  that  the  reports  of  the  inspedling  officers  on 
accidents  should  be  made  public. 

In  1870  a  Sele<5l  Committee  of  the  House  of  Commons 
was  appointed  to  enquire  into  the  law  and  the  administra- 
tion of  the  law  of  compensation  for  accidents  as  applied  to 
railway  companies,  and  also  to  inquire  whether  any,  and 
what,  precautions  ought  to  be  adopted  by  railway  companies 
with  a  view  to  prevent  accidents.  On  the  second  point  the 
Committee  pointed  out  that  on  those  lines  where  the  block 
system  had  been  adopted  it  had  materially  conduced  to  the 
safety  of  the  public,  and  they  recommended  the  evidence 
colledted  by  them  on  this  subjedl,  as  well  as  that  in  favour 
of  the  principle  of  the  interlocking  of  signals  and  points, 
and  concerning  continuous  breaks,  to  the  careful  consider- 
ation of  railway  boards  of  direcftors. 

Last  year  (,1873)  a  Bill  was  introduced  into  Parliament  for 
the  "  Regulation  of  Railways,"  with  a  view  to  the  prevention 
of  accidents.  This  Bill  had  for  its  objedl  the  enforcing  upon 
all  railway  companies  the  obligation  of  securing  an  interval 
of  space  between  trains  following  each  other  on  the  same 
line  of  rails,  which  is  now  generally  effedled  by  what  is 
known  as  the  block  system,  and  it  further  proposed  to  en- 
force the  interlocking  system.  A  Seledl  Committee  was 
appointed  by  the  House  of  Lords  to  consider  this  Bill,  but 
whilst  strongly  recommending  the  adoption  of  both  the 
block  system  and  the  interlocking  system  on  all  important 
lines  of  railway,  yet,  relying  on  the  great  exertions  recently 
and  very  generally  made  by  different  railway  companies  to 
extend  both  systems,  and  other  great  improvements  now  in 
progress,  the  Committee  recommended  that  the  Bill  should 
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not  then  be  proceeded  with.  They  recommended,  however, 
that  the  Board  of  Trade  should  call  for  such  information  as 
might  enable  the  inspedlors,  in  their  annual  reports,  to 
state  specially  the  progress  made  in  their  adoption  on  all 
passenger  lines,  after  which,  it  was  considered,  Parliament 
would  be  in  a  condition  to  decide  whether  or  not  it  would 
be  right  to  require  the  further  and  more  prompt  extension 
of  these  systems  on  those  lines  where  they  might  still  be 
necessary. 

Another  Commission  is  at  the  present  time  occupied  in 
considering  how  railway  accidents  may  best  be  prevented, 
and  what  legislation,  if  any,  is  desirable  on  the  subjedt  in 
the  interests  of  the  public  at  large.  It  will  be  observed 
that,  hitherto,  the  adlion  of  Parliament  has  been  rather  to 
recommend  and  advise  than  to  pass  coercive  measures  to 
compel  railway  companies  to  adopt  improved  means  for  the 
protection  of  their  passengers.  At  the  same  time,  additional 
powers  have  been  vested  in  the  Board  of  Trade  from  time 
to  time  for  the  more  efficient  inspecftion  of  lines  open  to  the 
public,  and  there  can  be  no  doubt  that  the  duties  devolving 
upon  that  branch  of  the  public  service  have  hitherto  been 
conduced  satisfactorily  in  the  general  interests,  but  it  is 
hardly  to  be  supposed  that  its  a<5tion  should  meet  with  uni- 
versal approbation,  or,  indeed,  that  it  should  be  always  free 
from  blame.  It  is  very  obvious  that  the  officers  of  the 
Board  of  Trade  are  not  in  good  odour  with  the-  present 
President  of  the  Institution  of  Civil  Engineers  ;  and,  as  his 
observations  may  probably  be  taken  to  represent  the  feelings 
of  railway  officials  generally  towards  them,  we  quote  the 
following  remarks  made  by  him  in  his  inaugural  address  on 
the  13th  of  January  last : — 

**  There  is  also  a  *  popular  delusion  *  which  I  think  ought 
to  be  corredled.  The  public  believe  that  the  various  recom- 
mendations made  to  the  railway  companies  from  time  to 
time  by  the  officers  of  the  Board  of  Trade,  such  as  the 
block  system,  interlocking  of  points,  &c.,  are  really  inven- 
tions of  those  officers,  whereas  the  fadt  is  that  not  one  of 
these  systems  or  inventions,  or  any  new  idea  in  connexion 
with  the  workings  of  railways,  has  ever  really  been  suggested 
by  them. 

"  The  railway  companies  also  are  at  a  great  disadvantage 
with  the  public  in  respedl  to  the  reports  which  are  from 
time  to  time  made  by  the  Government  inspecting  officers — 
their  didlum  is  never  questioned  by  the  public ;  and  although 
railway  officers  of  great  experience  constantly  differ  from 
those  officials  in  the  conclusions  at  which  they  arrive,  the 
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railway  companies  feel  that  any  appeal  against  these  reports 
is  useless,  and  pradlically  judgment  is  allowed  to  go  by 
default. 

"  In  making  their  reports,  the  officers  of  the  Board  of 
Trade  are  in  the  position  of  ex  post  facto  judges,  and  I  need 
hardly  point  out  that  there  is  a  great  difference,  to  use  an 
expression  of  our  late  President,  Mr.  Hawksley,  between 
looking  into  the  events  of  the  week  that  is  past,  and  looking 
into  the  middle  of  next  week ;  and  should  the  country  at 
any  time  become  the  purchasers  of  the  railways,  these 
officers  will  soon  find  the  difference  in  their  position  when 
the  responsibility  of  working  the  lines  devolves  upon  them. 

"  Captain  Tyler,  in  his  valuable  Report  on  Railway  Ac- 
cidents in  1872,  says :  *  Whatever  be  the  amount  of  care 
taken,  the  item  of  human  fallibility  will  still  remain,  and 
will  always  be  the  cause  of  a  certain  number  of  accidents.' 
And  he  states  that  in  180  cases  of  accidents  out  of  238, 
'  negligence,  want  of  care,  or  mistakes  of  officers,  were 
apparent.' 

"  This  is  a  subjedl  to  which  for  years  past  I  have  devoted 
a  great  deal  of  attention  and  anxious  thought,  and  I  attach 
much  more  importance  to  the  item  of  *  human  fallibility  * 
than  Captain  Tyler  appears  to  do." 

To  these  remarks  Captain  Tyler  replied  as  follows,  in 
a  paper  read  by  him  before  the  Society  of  Arts  in  May 
last : — 

"  When  Mr.  Harrison  attributes  to  the  author  that  he 
does  not  sufficiently  appreciate  the  element  of  human  frailty 
as  contributing  to  accidents  on  railways,  and  leaves  it  to  be 
understood  that  improved  arrangements  will  not  materially 
lessen  the  number  of  accidents  and  their  serious  results,  the 
author  would  venture  to  reply  that  he  estimates  that  cause 
of  accident  at  no  more  and  no  less  than  has  adlually  been 
found  by  experience  of  many  years  to  attach  to  it." 

This  subjedl  also  was  referred  to  by  the  Seledl  Committee 
of  the  House  of  Lords,  who,  in  their  report  of  last  year, 
remarked : — 

"  It  may  be  confidently  stated  that  the  general  safety  of 
railway  travelling  would  be  increased  by  the  more  extensive 
employment  of  the  block  and  of  the  interlocking  systems. 
Some  witnesses  stated  that  these  precautionary  arrange- 
ments and  mechanical  appliances  tend  to  lessen  the  sense 
of  responsibility  in  the  engine  drivers.  Such  an  efifedl  may 
have  been  produced,  but,  nevertheless,  the  advantages  re- 
sulting from  the  introduction  of  these  systems  are  prafti- 
cally  admitted  by  all  the  witnesses,  and,  in  the  judgment-of 
the  Committeei  decidedly  preponderate." 
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We  do  not  propose  to  follow  up  this  subjeft  further  at 
present,  beyond  remarking  that,  whilst  fully  admitting  the 
element  of  human  frailty,  which  must  exist  wherever  the 
hand  of  man  is  engaged,  we  entirely  concur  in  the  conclu- 
sion arrived  at  by  the  Seledl  Committee  of  the  House  of 
Lords,  that  the  introduction  of  improved  mechanical  con- 
trivances for  the  more  efficient  and  safe  working  of  railways 
is  likely  to  overbalance  in  its  advantages  the  evils  likely  to 
arise  from  the  element  of  "  human  frailty,"  which  must  be, 
at  all  times,  inseparable  from  their  introduction. 

The  next  subjedts  for  consideration  are  the  extent  to 
which  railway  passengers  are  liable  to  accidents,  and  how 
far  former  risks  are  increased  or  diminished  in  proportion  to 
the  number  of  travellers,  and  to  the  adoption  of  means  with 
a  view  to  their  prevention.  A  general  review  of  the  number 
of  fatal  accidents  to  passengers  from  all  causes  beyond  their 
own  control,  between  the  years  1847  and  1873  inclusive,  is 
contained  in  Captain  Tyler's  General  Report  to  the  Board 
of  Trade  on  the  accidents  which  have  occurred  on  the  rail- 
ways of  the  United  Kingdom  during  the  year  1873,  from 
which  the  following  extradt  is  taken  : — 

"  The  total  number  of  persons  recorded  at  the  Board  of 
Trade  as  having  been  killed  on  railways  during  the  year 
was  1372,  and  the  number  of  injured  was  3110.  Of  these, 
160  persons  killed,  and  1750  persons  injured,  were  passen- 
gers ;  and  the  remainder,  1212  killed  and  1360  injured,  were 
officials  or  servants  of  the  railway  companies,  or  trespassers, 
or  others  who  met  with  accidents  at  level  crossings,  or  from 
miscellaneous  causes.  Of  the  passengers,  40  were  killed, 
and  1522  were  injured,  from  causes  beyond  their  own 
control.  The  total  number  of  passenger-journeys  having 
been  455,272,000,  it  follows  that  the  proportion  of  passen- 
gers killed  was,  in  round  numbers,  i  to  2,845,450,  and  of 
passengers  injured  i  to  260,155 ;  and  that  the  proportions 
of  passengers  killed  and  injured  from  causes  beyond  their 
own  control  were  respedlively,  i  in  11,381,800,  and  i  in 
299,127.  This  was  a  decrease  on  the  average  of  the  number 
killed,  and  an  increase  of  the  number  injured,  from  causes 
beyond  their  own  control,  in  the  previous  three  years,  in 
which  the  proportions  were  i  to  11,123,931  killed,  and  i  to 
357,000  injured.  Of  the  officers  and  servants  of  railway 
companies  there  have,  during  the  past  year,  in  proportion 
to  the  total  number  employed,  as  nearly  as  they  can  be 
estimated  (say  250,000),  been  killed  from  all  causes  i  out 
of  323,  and  injured  i  out  of  213 ;  but  accidents  to  servants 
do  not  appear,  in  many  cases,  even  now  to  have  been 
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reported  by  certain  of  the  railway  companies,  and  their 
numbers  would,  if  the  whole  truth  could  be  ascertained,  be 
considerably  increased. 

"  The  following  statement  shows  the  proportion  of  pas- 
sengers killed  to  passenger-journeys  for  the  three  years 
ending  1849,  the  four  years  ending  1859,  the  four  years 
ending  1869,  and  the  four  years  1870,  1871,  1872,  and  1873, 
respeftively : — 


Namber  of  pas- 
sengers killed 
Year,  from  all  causes 
beyond  their 
own  control. 

1847] 

1848  ■     36 

1849 

1856^ 

1887 

1858 

i859i 
1866^ 

1867 

1868 

1869J 

1870  66 

1871  12 

1872  24 

1873  40* 


Number  of  passenger- 
journeys  exclusive  of 
journeys  by  season- 
ticket  holders. 


Proportion  killed  to 
number  carried. 


64 


I73>i58,772  I  in    4,782,188 


557>338>326  i  in    8,708,411 


91  i,i77»646>573  i  in  12,941,170 


336,545*399 
375,220,754 

422,874,822 
455>272>ooo 


I  in    5,099,172^ 
I  in  31,268,396 
I  in  17,619,784 
I  in  11,381,800 
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From  these  figures  it  appears  that  the  average  of  fatal 
accidents  for  the  last  four  years  was  higher  than  in  the 
similar  cycle  immediately  preceding ;  and  the  conclusion 
that  would  naturally  be  formed  at  first  thought  is,  that  a 
maximum  of  safety  in  railway  travelling  has  been  arrived 
at.  On  a  closer  examination,  however,  it  does  not  in  any 
way  seem  that  this  is  the  case.  No  doubt  traffic  has  in- 
creased on  many  lines  in  a  more  rapid  ratio  than  the  de- 
velopment of  increased  accommodation  for  such  traffic.  But 
the  accidents  in  1870  were  considerably  in  excess  of  the 
proportion  given  in  the  above  table  since  1856 ;  but  if  we 
omit  that  bad  year,  and  take  only  the  average  of  the  last 
three  years,  it  will  be  seen  that  the  number  of  passengers 
killed  from  all  causes  beyond  their  own  control  was  only 
I  in  20,089,993,  which  shows  a  considerable  improvement 


*  The  deaths  of  two  of  this  number  were  not  the  results  of  train  accidents 
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upon  any  of  the  earlier  periods  referred  to.  The  year  1871 
was,  it  appears,  exceptionally  free  from  fatal  accidents ;  but 
Captain  Tyler  shows  that  it  is  not  desirable  to  lay  too  much 
stress  on  the  results  of  working  in  the  case  of  any  particular 
year,  either  as  to  the  number  of  sufferers  or  as  to  the  number 
of  accidents.  More  returns  of  accidents  than  formerly  have 
been  rendered  by  the  companies  within  the  last  two  years. 
Inquiries  have  also  been  instituted  during  those  two  years 
into  a  greater  proportion  of  cases,  and  there  is,  humanly 
speaking,  much  of  chance  in  both.  A  dangerous  or  defec- 
tive mode  of  working  is  frequently  carried  on  for  a  great 
length  of  time  without  bad  results,  while  there  are  accidents 
and  loss  of  life  where  greater  precautions  have  been  adopted, 
or  less  risk  is  apparently  incurred.  A  comparatively  trifling 
defedt  may  in  one  case  lead  to  much  loss  of  life,  whilst  im- 
portant defeats  may,  in  another  case,  be  unattended  with 
accident. 

Setting  aside  considerations  of  humanity,  the  railway 
companies  have  a  positive  and  dire<5t  pecuniary  interest  in 
the  avoidance  of  accidents,  and  capital  laid  out  with  that 
objedl  in  view  is  not  likely  to  be  wholly  unproduflive. 
Under  Lord  Campbell's  Aft  the  railway  companies  are 
pecuniarily  liable  to  those  to  whom  any  injury  is  caused  by 
accidents,  &c.,  on  their  lines,  and,  during  the  ten  years 
from  1848  to  1857  inclusive,  there  was  paid  as  compensation 
on  account  of  passengers  and  goods  injured  on  fourteen 
lines  of  railway,  no  less  a  sum  than  ^414,440,  or  at  the  rate 
of  over  ^40,000  a  year.  For  the  five  years  ending  with  the 
year  1871,  there  was  similarly  paid  ;f  2,348,568,  of  which 
;f  1,622,370  was  as  compensation  for  personal  injury,  and 
^^726,198  as  compensation  for  damage  to  goods.  These 
sums  do  not,  however,  include  anything  on  account  of 
injury  to  the  servants  of  the  railway  companies,  to  whom 
the  latter  are  not  liable  by  law  in  the  same  way  that  they 
are  towards  their  passengers  or  goods  traffic. 

The  following  table  shows  the  number  of  train  accidents 
that  have  formed  the  subjedt  of  inquiry,  and  have  been 
reported  on,  by  officers  of  the  Board  of  Trade,  during  the 
past  four  years.  The  number  of  cases  inquired  into  during 
the  preceding  five  years  averaged  83  per  annum,  upon 
which  those  for  the  year  1870  show  an  increase  of  57  per 
cent : — 
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Caui^  of  Accident. 

From  engines  or  vehicles  meeting  with,  or 
leaving  the  rails  in  consequence  of  obstru&ions, 
or  from  defeds  in  connexion  with  the  perma- 
nent  way  or  works. 

From  boiler  explosions,  failures  of  axles, 
wheels,  tyres,  or  from  other  defeds  in  the  rolling 
stock. 

From  collisions  between  engines  and  trains 
following  one  another  on  the  same  line  of  rails, 
excepting  at  jundions,  stations,  or  sidings. 

From  collisions  within  fixed  signals  at  stations 
or  sidings,  &c. 

From  collisions  at  jundions. 

From  collisions  between  trains,  &c.,  meeting 
in  opposite  diredions. 

From  collisions  at  level  crossings  of  two 
railways. 

From  passenger-trains  being  wrongly  turned 
or  run  into  sidings,  or  otherwise  through  facing 
points. 

From  trains  entering  stations  at  too  great 
speed. 

On  inclines. 

Miscellaneous. 


131       171      246      247 


An  examination  of  this  table  will  show  that  the  more 
serious  classes  of  accidents  are  evidently  upon  the  increase^ 
more  particularly  from  collisions  within  fixed  signals  at 
stations  or  sidings,  and  from  passenger  trains  being  wrongly 
turned,  or  run  into  sidings,  or  otherwise  through  facing 
points.  But  it  must  be  observed  that  the  accidents  are  in 
no  respedl  proportionate  to  either  the  length  of,  or  the 
amount  of  traffic  on,  any  particular  line  of  railway,  some 
lines  being  particularly  unfortunate  in  this  respedt,  while 
others  enjoy  comparative  immunity  from  accidents.  Increase 
of  traffic,  high  speed,  and  variations  of  speed,  tend  mate- 
rially to  increased  risk,  to  greater  numbers  of  accidents,  and 
to  more  severe  accidents  when  there  is  insufficient  accom- 
modation in  lines  and  sidings,  when  signal  and  point  arrange- 
ments are  defective,  when  the  means  of  securing  intervals  be- 
tween the  trains  are  defedlive,  without  sufficient  break-power, 
without  good  construction  and  high  maintenance,  and  when 
the  appliances  and  apparatus  are  not  adapted  to  the  exi- 
gencies of  the  traffic.  But  when,  on  the  other  hand,  the 
accommodation  is  sufficient  to  enable  the  traffic  to  be 
worked  under  safe  conditions,  when  high  speed  is  employed 
only  over  a  good  permanent  way  in  suitable  portions  of 
railway,  and  under  proper  circumstances,  and  when  good 
arrangements  are  made  to  preserve  intervals  between  the 
trains,  of.  whatever  class^  then  such  extra  risk  may  be  in  a 
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great  measure  obviated.  Some  of  the  great  railway  com- 
panies have  made,  and  others  are  making,  great  progress  in 
providing  the  necessary  remedies.  It  was  stated  by  Mr.  T. 
B.  Farrer,  in  his  evidence  before  the  Seleft  Committee  of 
the  House  of  Lords  last  year,  that  the  railway  companies 
had  then  already  spent  upon  the  introdu<5tion  of  the  block 
svstem  and  the  system  of  interlocking  signals,  between 
£700,000  and  ^800,000,  and  that  they  were  proposing  to 
spend  a  great  deal  more ;  on  a  previous  occasion,  however^ 
it  had  been  stated  before  the  same  Committee,  by  Mr.  J.  S. 
Farmer,  that,  in  his  opinion,  a  great  deal  of  expense  had 
been  thrown  away  in  tinkering  at  the  signals,  in  trying  to 
do  as  little  as  possible,  instead  of  grasping  the  thing  com- 
prehensively in  the  first  place. 

However  much  has  already  been  accomplished,  a  good 
deal  yet  remains  to  be  done,  especially  on  certain  railway 
systems ;  and  Captain  Tyler  expresses  it  as  his  opinion  that 
it  is  partly  on  account  of  sufficient  attention  not  having 
been  paid  in  previous  years  to  the  various  means  of  safety 
that  some  of  the  great  railway  companies  now  appear  so 
unfavourably  at  the  head  of  the  accident  list,  and  partly 
also  because  they  have  found  it  difficult,  with  constantly 
increasing  traffic,  simultaneously  to  make  up  for  past 
omissions  and  to  keep  up  with  present  requirements. 

In  a  circular  letter  addressed  by  the  President  of  the 
Board  of  Trade  to  the  several  railway  companies  in  Novem- 
ber, 1873,  on  the  subjedt  of  the  great  increase  in  the  number 
of  railway  accidents  during  1872,  Mr.  Chichester  Fortescue 
remarked  that  a  large  proportion  of  these  casualties  ap* 
peared  to  have  been  due  to  causes  within  the  control  of  the 
railway  companies.  "  If  it  may  be  contended,"  the  circular 
goes  on  to  state,  **  that  the  traffic  on  many  lines  has  very 
greatly  increased,  and  with  it  the  risks  of  railway  travelling, 
it  is  no  less  true  that  it  is  within  the  power  of  the  companies 
to  take  care  that  the  permanent  way,  the  rolling  stock,  and 
the  station  and  siding  accommodation,  are  kept  up  to  the 
requirements  of  the  traffic ;  that  the  officers  and  servants 
are  sufficient  in  number  and  quality  for  the  work  to  be  done» 
and  that  proper  regulations  for  their  guidance  are  not  only 
made,  but  enforced;  that  pains  are  taken  to  test  every 
reasonable  invention  and  expedient  devised  for  the  purpose 
of  preventing  danger ;  and  that  such  of  those  expedients  as 
experience  proves  to  be  effedtive  are  adopted  without  undue 
delay. 

*'  In  the  face  of  the  fa<5ts  colledted  and  analysed  by  Captain 
Tyler,  and  of  the  numerous  accidents  of  the  present  year 
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(many  of  them  the  subjedl  of  Board  of  Trade  enquiries)  it  is 
difficult  to  suppose  that  such  is  the  case. 

'*  There  can  indeed  be  no  doubt  that  methods  of  working 
and  mechanical  contrivances,  the  value  of  which  has  been 
thoroughly  ascertained^  have  been  too  slowly  introduced, 
and  that  there  is  great  reason  to  believe  that  sufficient  pro- 
vision has  not  been  made  for  the  safe  working  of  the  in- 
creased traffic  by  the  enlargement  or  re-arrangement  of 
stations  and  sidings,  and  the  laying  down  of  additional 
lines  of  rail. 

''  But  whatever  may  be  thought  of  these  and  othes  causes 
as  contributing  to  the  result,  the  present  insecurity  of  rail- 
way travelling  imposes  upon  the  railway  companies  the 
grave  responsibility  of  finding  appropriate  remedies  for  so 
great  an  evil." 

On  the  subjedt  of  the  frequent  unpundtuality  of  trains  it 
was  remarked,  '*  The  inconvenience,  vexation,  and  loss 
caused  to  passengers  by  this  breach  of  the  conditions  •  upon 
which  the  companies  profess  to  carry  them,  constitute  in 
themselves  a  serious  subjed^  of  complaint.  But  the  evil 
arising  from  unpundluality  does  not  end  here.  The  service 
of  the  line  is  disarranged ;  the  chances  of  accident  are  mul- 
tiplied ;  the  trains  are  forced,  in  order  to  make  up  for  lost 
time,  to  travel  at  excessive  speed  through  complicated 
stations,  or  under  other  circumstances  where  such  travel- 
ling may  be  equally  dangerous." 

It  is  further  remarked  that  the  returns  of  accidents  to 
railway  servants  show  a  lamentable  number  of  casualties, 
often  fatal,  in  proportion  to  the  numbers  employed;  and, 
finally,  a  hope  is  expressed  that  the  railway  companies 
themselves  "  will  make  every  effort  to  meet  the  reasonable 
demands  of  the  public  and  of  Parliament.*' 

The  Board  of  Trade,  as  the  branch  of  the  Government 
which  has  to  look  after  the  interest  of  the  public  in  respedt 
to  railway  travelling,  for  which  purpose  it  has  been  invested 
with  special  powers,  could  not  with  any  degree  of  propriety 
have  passed  over,  without  some  special  notice,  the  alarming 
increase  in  the  number  of  railway  accidents  recorded  in 
1872,  which  had  increased  nearly  44  per  cent  over  1871,  88 
per  cent  over  1870,  and  196  per  cent  over  1869.  It  is  oot 
proposed  to  consider,  separately,  the  replies  to  this  circular 
which  were  sent  to  the  Board  of  Trade,  as  the  remarks 
which  they  contained  with  reference  to  the  principal  causes 
of  accident  prevailing  on  railways,  will  be  noticed  further 
on  under  the  different  headings  to  which  they  respedtively 
belong. 
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The  means  of  safety  which  the  accidents  occurring  last 
year  show  to  be  required,  are  thus  given  in  the  last  General 
Report  to  the  Board  of  Trade  : — 

1.  The  judicious  selection,  training,  and  supervision  of 
officers  and  servants,  and  the  preservation  of  good  dis- 
cipline. 

2.  Maintenance  in  high  condition  of  the  permanent  way. 

3.  Good  design,  construction,  and  material  of  axles. 

4.  The  application  of  tyre  fastenings  which  will  prevent 
the  tyres  from  flying  off  the  wheels  in  the  event  of  fradture. 

5.  Improved  coupling  of  vehicles  in  trains. 

6.  Signal  and  point  arrangements  with  modern  improve- 
ments, including  concentration  and  interlocking  of  the  signal 
and  point  levers,  and  locking-bolts  and  locking-bars  for 
facing  points. 

7.  Safety  points  to  goods  or  siding  connexions  with  pas- 
senger lines. 

8.  Increased  use  of  the  telegraph,  with  block-telegraph 
systems  for  securing  intervals  of  space  instead  of  illusory 
intervals  of  time  only  between  trains. 

9.  Sufficient  siding  accommodation  for  the  colledlion, 
distribution,  and  working  of  goods  traffic,  so  that  goods 
trains  may  be  shunted  and  marshalled  independently,  and 
kept  out  of  the  way  of  passenger  trains,  and  may  not  en- 
cumber and  endanger  the  traffic  on  the  main  lines. 

10.  Continuous  breaks,  to  be  worked  by  the  engine-drivers 
as  well  as  the  guards,  as  occasion  may  require. 

We  propose  to  consider  these  several  means  for  providing 
increased  security  to  railway  traffic  under  the  following 
headings,  viz. — i.  Efficiency  of  Staff.  2.  Maintenance  of 
Permanent  Way.  3.  Maintenance  of  Rolling  Stock. 
4.  Signals  and  Points.  5.  Telegraph,  and  the  Block 
System.    6.  Siding  Accommodation.    7.  Break  Power. 

I.  Efficiency  of  Staff. — It  will  be  readily  understood  that, 
all  mechanical  appliances  for  ensuring  safety  being  perfedl, 
the  efficiency,  both  as  regards  strength  of  establishment 
and  individual  intelligence,  on  the  part  of  the  railway  staff 
is  yet  necessary  in  order  to  secure  freedom  from  accident 
and  danger.  Even  under  the  most  perfedl  organisation, 
however,  the  fallibility  of  human  nature  must  ever  be  a  bar 
to  the  attainment  of  absolute  security,  but  the  risk  may  be 
lessened  to  the  last  practical  limit  by  the  maintenance  of  a 
fully  efficient  staff,  and  the  stridt  enforcement  of  all  regu- 
lations laid  down  for  their  guidance.  In  a  paper  on  *'  Rail- 
way  Accidents  "  read  before  the  Institution  of  Civil  Engineers 
as  far  back  as  April,  1862,  Mr.  James  Brunlees,  the  author. 
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observed  that  the  negligence  of  servants,  their  payment,  and 
their  hours  of  working,  were  matters  of  the  greatest  impor- 
tance, and  he  remarked  that  most  of  the  accidents  caused 
by  negligence  might  be  traced  to  ignorance  or  to  inefficiency. 
The  wages  usually  given  by  railway  companies  were  too 
low  to  command  the  services  of  men  of  intelligence,  steadi- 
ness, and  self-reliance,  and,  in  consequence,  inferior  men 
were  employed,  who  were  incapable  of  appreciating  the 
importance  and  necessity  of  executing  their  duties  with 
promptness  and  exadlitude.  In  the  official  report  to  the 
Board  of  Trade  on  railway  accidents  for  the  year  1870, 
Captain  Tyler  remarked,  after  enumerating  the  accidents 
of  the  year  under  their  respedlive  headings :  "  Accidents 
from  all  the  above  causes  are  more  or  less  preventible, 
except  in  so  far  as  it  will  never  be  possible,  under  the  best 
arrangements,  altogether  to  avoid  accidents  from  negli- 
gence or  mistakes  on  the  part  of  employes,  although  it  is 
practicable,  under  good  arrangements  and  systems,  and 
with  good  discipline,  very  much  to  reduce  their  number." 

In  the  year  1871,  out  of  171  investigated  accidents,  there 
had  been  in  121  cases  of  negligence,  want  of  care,  or  negle<5t 
of  servants;  in  1872,  out  of  238  cases,  180  were  due  to 
negligence  or  mistakes  of  officers  or  servants,  and  in  i87'3> 
out  of  241  accidents,  a  similar  negligence  was  apparent  in 
182  cases. 

Whatever  be  the  means  and  appliances  provided,  or  the 
amount  of  care  taken,  the  item  of  human  fallibility  will 
always  be  the  cause  of  a  certain  number  of  accidents.  But 
the  number  of  accidents  from  this  cause,  as  was  remarked 
by  Captain  Tyler  in  his  report  for  1873,  may  be  very  much 
reduced  by  *'  improvements  in  regulations  and  discipline, 
by  greater  care  in  the  seledtion,  training,  payment,  and 
employment  of  competent  men  in  sufficient  numbers  and 
for  reasonable  hours,  and  by  providing  them  with  the 
requisite  siding  and  other  accommodation,  with  proper 
signal  and  point  apparatus,  with  the  best  means  of  securing 
intervals  between  trains,  with  sufficient  break-power,  and 
with  other  necessary  appliances."  It  has  been  argued  that 
railway  servants  are  apt  to  become  more  careless  in  the  use 
of  these  improvements,  in  consequence  of  the  extra  security 
which  they  are  believed  to  afford ;  but,  whilst  Captain  Tyler 
remarks  that  by  the  results  of  more  extended  experience 
this  argument  has  received  further  confutation,  Mr.  Har- 
rison, the  President  of  the  Institution  of  Civil  Engineers, 
and  no  mean  authority  on  railway  matters,  stated,  in  his 
inaugural  address,  that  th«re  was  an  undoubted  tendency 
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on  the  part  of  engine-men  and  other  railway  servants  to 
believe  that  all  these  arrangements  of  the  block  system  and 
additional  signals  do,  in  fadt,  provide  for  their  safety,  and 
that  consequently  they  do  not  keep  the  same  look  out,  or 
use  the  same  care  that  they  would  do  on  a  line  apparently 
less  protected,  **  and  that  this  is  the  case,"  he  remarked, 
''  observation  and  inquiry  have  clearly  demonstrated." 

Here,  then,  we  find  two  leading  authorities  at  issue  in 
regard  to  a  statement  of  fadt,  and  it  is,  of  course,  very 
difficult  to  draw  a  fair  conclusion  between  the  two.  The 
result  of  Mr.  Harrison's  experience  seems  to  prove  that,  at 
present,  railway  servants  have  not  become  sufficiently  ex- 
perienced in  respedt  to  the  true  value  of  signals,  and  other 
means  of  safety  on  railways,  but  there  is  surely  reason  to 
hope  that,  as  a  body,  they  possess  sufficient  intelligence  to 
enable  them  in  time  to  appreciate  more  fully  the  extent  to 
which  these  safeguards  are  valuable,  and  how  much  also 
depends  upon  their  individual  discretion. 

In  respe(5l  to  enforcing  discipline,  Mr.  Harrison  observes 
that  the  difficulty  is  becoming  constantly  greater,  as  dis- 
missal is  no  longer  a  punishment,  when  employment  can  at 
once  be  had  elsewhere  ;  and  a  reprimand  is  constantly  met 
with  the  reply,  "  Oh !  very  well,  I'll  go."  This  gentleman 
has  found  that  nothing  attaches  men  more  to  the  service  of 
a  railway  company  than  giving  them  comfortable  cottages, 
with  gardens  to  cultivate. 

The  efficiency  of  the  staff  on  a  railway  depends  mainly 
upon  three  circumstances  :  First,  the  selection  of  none 
but  respe(5table  and  tolerably  educated  men  ;  secondly,  the 
establishment  of  a  fixed  code  of  rules  for  their  guidance, 
and  seeing  that  those  rules  are  stridtly  enforced;  and, 
thirdly,  the  maintenance  of  an  efficient  number  of  men  to 
do  the  required  work ;  the  payment  of  liberal  wages,  so  as 
to  keep  them  in  the  service  ;  the  holding  out  of  prospers  of 
promotion  to  the  most  efficient ;  and  the  proper  treatment 
of  them  whilst  in  the  service. 

No  doubt  all  modern  improvements  on  railway  working 
tend  to  increase  the  expense  to  the  railway  companies,  but 
this  is  a  matter  for  which  there  is  apparently  no  remedy. 
''  The  question  of  the  effedl  of  the  labour  market  on  railways, 
both  in  their  construction  and  working,"  says  Mr.  Harrison, 
**  has  come  forcibly  home  to  every  one  connei5ted  with  them. 
It  is  not  too  much  to  say  that  all  new  works  are  now  costing 
from  30  to  40  per  cent  more  than  they  did  a  few  years  ago, 
and  nearly  double  the  time  is  required  to  complete  them." 

As  will  be  showa  further  on,  the  adoption  of  the  block 
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system  on  all  lines  will  necessitate  a  considerable  increase 
of  staff  for  working  it,  and  with  these  additional  elements  of 
**  human  frailty "  there  will  evidently  exist  an  increase  in 
the  numbers  of  those  to  whom  the  safety  of  the  travelling 
public  will  be  entrusted,  and  increased  safety  can  therefore 
only  be  expe<5ted  to  result  if  the  rules  laid  down  foi^  the 
guidance  of  the  companies*  servants  are,  in  the  first  instance, 
judiciously  framed,  and  afterwards  rigidly  enforced. 

2.  Maintenance  of  Permanent  Way, — The  accidents  caused 
by  defedls  in  permanent  way  are,  happily,  not  nearly  so 
numerous  as  they  were  in  former  years.  The  art  of  con- 
strudting  railways,  in  the  first  instance,  and  of  properly 
maintaining  them  afterwards,  is  so  much  better  understood 
now  than  formerly,  that  accidents  arising  from  defers  in 
its  observance  would  be  a  great  slur  upon  the  professional 
officers  of  any  company.  In  the  year  1854,  thirteen  acci- 
dents occurred  from  the  defedlive  condition  or  negledl  of  the 
permanent  way.  In  the  following  year  thirty-one  cases 
arose  from  the  same  causes,  but  in  the  year  1856  there 
were  fewer  accidents  of  this  description,  whjch  fadt  may  be 
attributed  to  the  greater  attention  given  by  engineers  to  the 
permanent  way,  and  to  the  introdudlion  of  the  fished  joint, 
and  of  other  improved  methods  of  connedling  rails.  In  the 
year  1857  twenty  accidents  were  caused  by  the  negledt,  or 
imperfedl  condition,  of  the  permanent  way  ;  in  four  of  these 
the  permanent  way  had  been  negled^ed,  and  in  five  it  had 
been  constructed  in  a  defeftive  manner.  In  1858,  twenty- 
nine  accidents,  and  in  1859  fourteen  accidents,  were  due  to 
the  state  of  the  permanent  way. 

In  commenting  on  this  class  of  railway  accidents,  due  to 
permanent  way  defedts,  which  occurred  during  1870,  Captain 
Tyler  stated  that  only  nine  were  attributable  to  the  con- 
ditions of  the  way  and  works,  or  to  obstructions  on  the 
permanent  way,  &c.  "This,"  he  observed,  "is  a  great 
improvement  upon  former  years,  when,  say  ten  years  ago, 
16  per  cent  of  railway  accidents  were  caused  principally  by 
defedts  of  permanent  way ;  and  the  improvement  is  due, 
partly  to  the  increased  strength  in  some  cases  of  rails  and 
chairs,  partly  to  placing  the  sleepers  in  some  cases  nearer 
together,  and  especially  to  the  disuse  of  wooden  trenails 
for  attaching  the  chairs  to  the  sleepers,  and  to  the  now  almost 
universal  employment  of  fish-joints  for  fastening  the  ends  of 
the  rails  together."  As  to  the  remedy  suggested  for  this  class 
of  accidents,  it  is  remarked  that  next  in  importance  to  proper 
maintenance,  and  even  as  part  of  it,  is  the  question  of  dis- 
cipline amongst  those  employed  in  repairs,  with  a  view  to 


24  Railway  Autdents,  [January, 

ensure,  as  far  as  possible,  that  due  warning  shall  be  given 
to  the  engine-drivers  when  a  rail  has  to  be  taken  out,  while 
the  road  is  being  lifted,  or  whenever  the  line  is  not  in  a  fit 
condition  to  be  run  over  at  speed. 

Twenty-six  accidents  occurred  in  1871  owing  to  defe<5ts  of 
constru(5tion.  These  defe(5ts,  it  was  then  pointed  out,  were  not 
as  promptly  corredled  as  they  ought  to  have  been,  as  new 
materials  were  supplied,  on  many  lines  of  railway;  each  com- 
pany, or  each  individual  officer,  waiting  too  often  to  buy  his 
own  experience,  and  profiting  too  little  by  the  experience  of 
other  companies.  Defedls  of  maintenance,  which  appeared 
in  nineteen  cases,  occurred  partly  from  the  over-work  of 
materials,  and  partly  from  the  want  of  more  careful  super- 
vision, and  of  more  careful  record  and  comparison,  from 
which  much  valuable  information  might  be  obtained.  The 
number  of  accidents  due  to  defedlive  construction  of  road  or 
works  was  four  in  1872,  and  six  in  1873,  and  to  defedtive 
maintenance  of  the  same,  sixteen  in  1872,  and  twenty-four 
in  1873. 

It  may  perhaps  be  considered  that  forty  accidents  in  one 
year,  upon  all  the  railways  in  the  United  Kingdom,  due  to 
defedtive  construction  or  maintenance,  is  hardly  above  the 
number  that  might  be  expedted  to  occur  from  such  causes, 
considering  the  vast  amount  of  traffic  which  now  takes 
place  in  the  neighbourhood,  more  particularly,  of  large 
towns  and  cities,  but  it  must  be  remembered  that  these 
constitute  a  class  of  accident  which  is  preventible  by  the 
exercise  of  due  care  on  the  part  of  the  permanent  way  staff, 
and  proper  supervision  during  construdtion.  It  is,  there- 
fore, one  which  should  not  be  seen  in  the  official  returns, 
unless  accompanied  by  some  such  causes  as  exceptional 
floods,  or  other  reasons  to  show  that  they  were  not 
occasioned  by  any  laxity  of  duty  or  negledt  of  ordinary  pre- 
cautions on  the  part  of  the  railway  company  or  their 
officials. 

3.  Maintenance  of  Rolling  Stock, — With  regard  to  loco- 
motives, instances  do  rarely  occur — and  they  were  more 
common  in  former  than  in  recent  years — of  boiler  ex- 
plosions, due  in  some  instances  to  want  of  proper  care  in 
the  seledtion  of  water  for  their  use,  and  in  others,  to  a 
faulty  mode  of  staying  the  boiler.  These  causes  of  acci- 
dent are  to  be  avoided  by  frequent  inspedtion,  by  which  the 
earliest  intimation  of  any  deterioration  may  be  obtained, 
and  the  employment  of  weakened  or  worn-out  boilers  be 
discontinued.  During  the  seven  years  from  1854  to  i860 
twenty-one  locomotives  exploded,  but  in  the  annual  returns 
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to  the  Board  of  Trade  only  two  accidents  from  this  cause 
are  stated  to  have  taken  place  in  1870,  and  two  in  1873 ; 
no  record  of  a  similar  accident  appearing  in  the  two  inter- 
vening years. 

The  most  common  accidents  to  rolling  stock  are  the 
breaking  of  the  axles  and  wheel  tyres.  These  cases  may 
be  traced  generally  to  one  or  other  of  the  following  causes  : 
sometimes  they  occur  in  the  winter  months,  owing  possibly, 
in  some  degree,  to  the  rigid  state  of  the  permanent  way  in 
frosty  weather;  some  are  due  to  the  use  of  bad  iron  or 
steel,  and  others  to  defedts  either  in  the  welding  of,  or  in 
the  mode  of  attaching,  the  tyres  of  wheels.  The  existence 
of  flaws  in  either  axles  or  tyres  may  completely  escape 
detection  until  they  are  discovered  upon  the  occurrence  of 
an  accident,  and  such  cases  must  be  included  amongst  the 
risks  which  cannot  be  foreseen  or  avoided.  The  high  speed 
at  which  trains  travel  as  a  general  rule  must  subjedt  both 
tyres  and  axles  to  very  severe  blows  and  jerks,  especially 
when  passing  over  points,  or  portions  of  line  that  are  out  of 
repair,  and  uneven,  and  it  is  in  such  cases  that  flaws  or 
cracks  are  most  likely  to  result  in  a  complete  fradlure. 
**  There  is  no  satisfactory  test,"  said  Captain  Tyler,  in  his 
report  for  1870,  "  to  which  axles  can  be  subjefted  from  time 
to  time  in  the  course  of  running,  as  far  as  is  known,  by 
which  flaws  can  be  detedled."  With  regard  to  frafture  of 
tyres,  it  was  stated  in  the  same  report  that  in  two  cases  the 
tyre  was  attached  to  the  wheel  by  means  of  rivets  through 
holes  bored  in  the  tyre,  and  it  was  remarked  that  the  **  old 
system  of  boring  holes  through  the  tyres  is  essentially  a 
vicious  one,  and  is  particularly  undesirable  in  the  case  of 
steel  tyres.  It  afifords  no  security  in  the  event  of  fradture, 
and  even  leads  to  increased  risk  of  fradture,  in  consequence 
of  the  weakening  of  the  tyre  at  the  sides  of  the  rivet  holes." 

In  1871  there  were  twenty-two  accidents  of  this  class, 
in  which  three  persons  were  killed  and  thirty-four  were 
injured ;  in  1872  there  were  seventeen  accidents,  occasion- 
ing the  death  of  two  passengers  and  five  servants  of  com- 
panies, and  injury  to  forty  passengers  and  eight  servants  of 
companies,  whilst  in  1873  there  were  twenty-three  acci- 
dents owing  to  the  same  causes,  killing  ten  passengers  and 
two  servants  of  companies,  and  injuring  fifty-four  passen- 
gers and  seventeen  servants  of  companies.  The  chief 
methods  recommended  for  adoption  with  a  view  to  avoiding 
accidents  from  the  breaking  of  tyres,  consist  in  the  use  of 
improved  modes  of  fastening  them  to  the  rims,  so  as  to 
prevent  them  from  flying  off  the  wheel.    They  may  fail 

VOL.  V.  (n.s.)  b 


26  Railway  Accidents.  [January, 

from  the  brittle  nature  of  the  material,  or  from  defedts  of 
manufadture,  or  from  being  too  tightly  shrunk  on  the 
wheel,  and  they  have  frequently  failed  from  one  of  these 
causes,  or  from  a  combination  of  them.  The  danger  con- 
sists, not  in  the  fradture,  or  in  the  tyre  becoming  divided, 
whilst  running,  into  two  or  more  parts,  but  in  the  probability 
of  the  tyre,  which  is,  or  ought  to  be,  in  a  state  of  tension  on 
the  wheel,  flying  suddenly  and  violently  from  it  when  frac- 
ture occurs,  and  this  danger  is  greater  with  steel  than  with 
iron  tyres. 

3.  Signals  and  Points. — During  the  seven  years  from  1854 
to  i860  inclusive,  as  many  as  eighty-eight  accidents  hap- 
pened from  the  use  of  improper  or  inefficient  signals.  Ac- 
cidents have  been  caused  by  the  total  want  of  signals, 
especially  at  sidings,  others  have  arisen  from  their  defective 
form,  or  from  their  bad  position.  Many  accidents  have 
occurred  in  connedlion  with  distance  signals ;  in  some 
cases  they  have  been  placed  so  near  to  the  station  that  the 
engine-driver  has  been  unable  to  stop  within  the  space 
allowed.  It  was  observed  by  Captain  Tyler  in  1870,  that 
out  of  sixty-one  collisions,  independent  of  the  collisions  at 
junctions  or  level  crossings,  thirty-one,  or  more  than  half 
of  them,  were  due  to  defeftive  arrangements  with  regard  to 
signals  or  points,  but  that  in  twenty- eight  cases  out  of  these 
negligence  was  combined  with  the  defe<5ls,  and  that  the 
latter  contributed  more  or  less  to  the  negligence ;  and  out 
of  eighteen  collisions  at  junctions  there  were  ten  cases  in 
which  defedtive  signal  and  point  arrangements  were  the 
cause*  In  1871  there  were  fifty-three  accidents  caused  by 
defedlive  signal  and  point  arrangements,  or  want  of  locking 
apparatus ;  in  1872  the  number  of  accidents  due  to  similar 
causes  was  seventy-one,  and  last  year  it  was  seventy-eight, 
so  that  this  cause  of  accident  would  appear  to  be  growing 
rapidly  in  importance. 

When  trains  were  few,  and  the  speed  at  which  they 
travelled  was  moderate,  a  comparatively  crude  method  of 
signalling  sufficiently  answered  every  purpose ;  with  the 
increase  of  trains,  the  complications  of  jun(5tions,  and  the 
greater  difficulty  that  consequently  existed  in  controlling  a 
number  of  signals  at  any  one  point,  it  became  necessary  to 
place  all  the  signal  and  point  levers  in  or  around  the  signal 
cabins ;  and,  in  order  to  afford  a  better  view  to  the  signal- 
man, the  cabins  were  raised  to  a  greater  or  less  height 
above  the  groimd,  and  placed  in  convenient  situations,  ac- 
cording to  local  circumstances.  But  even  then,  when  the 
control  was  more  conveniently  placed  in  the  hands  of  one 
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man,  there  was  still,  as  the  levers  in  or  near  a  cabin  became 
more  numerous,  a  liability  to  mistake,  from  the  signalman 
pulling  over  a  wrong  lever ;  or  the  levers  were  fastened  over 
by  blocks  of  wood,  which  the  signalman  forgot  to  remove ; 
and  to  prevent  such  mistakes,  and  serious  accidents  result- 
ing  from  them,  it  became  further  necessary  to  interlock  the 
levers  with  one  another.  By  i860  many  improvements  had 
been  introduced  upon  the  interlocking  system,  and  the  in- 
spedling  officers  of  the  Board  of  Trade  began  to  insist  on 
the  use  of  locking  apparatus  at  the  jun(5lions  of  new  branches 
with  existing  lines. 

By  the  application  of  locking  and  other  apparatus  it  is 
possible  to  prevent  nearly  all  accidents  from  collision  oc- 
curring, in  the  ordinary  way  of  working,  in  consequence  of 
any  mistake  of  the  signalman.  Conflicts  between  signals, 
and  confli(5ls  between  points  and  signals,  may  alike  be 
avoided  ;  and  a  good  combination  of  locking-bar  and 
bolt  may  be  made  to  insure  that  the  facing  points  are  com- 
pletely over  before  the  proper  signal  is  lowered,  and  may 
also  prevent  them  from  being  moved  during  the  passage  of 
a  train.  It  is,  of  course,  impossible  to  provide  against  all 
the  contingencies  which  may  arise  — such  as,  in  certain 
cases,  against  the  absolute  negledt  of  drivers  to  pay  atten- 
tion to  the  signals  made  to  them  ;  or  such  as  a  signalman,, 
when  two  trains  are  running  towards  a  jundlion  at  onetime, 
setting  his  points  and  lowering  his  signals  first  for  one  of 
them,  and  then  altering  them  and  preparing  for  the  second 
train,  without  allowing  time  for  the  first  train  to  stop  short 
of  the  junction.  But  provision  may  be  made,  and  is  made 
to  some  extent,  even  for  the  contingency  of  an  engine-driver 
negledting  to  obey  signals. 

In  a  paper  recently  read  before  the  Institution  of  Civil 
Engineers,  by  Mr.  R.  C.  Rapier,  a  detailed  description  of 
signals  and  points  was  given,  besides  an  account  of  different 
methods  of  interlocking  the  two,  so  as  to  avoid  accidents 
which  might  occur  in  th^  event  of  wrong  signalling.  It 
would  be  impossible  to  follow  out  that  paper  in  detail  here, 
but  we  may  briefly  state  that  it  was  there  shown  that  the 
mere  conned^ion  of  switches  and  signals  was  not  sufficient, 
but  that  effective  interlocking  required  the  movement  of 
the  switches  to  be  completed  before  the  alteration  of  the 
signals  could  be  made,  and  vice  versa;  whilst,  as  rejgards 
facing-points,  it  was  stated  that,  although  it  was  desirable 
to  avoid  them  as  much  as  possible  on  a  line  of  light  traffic, 
the  use  of  facing-points,  properly  controlled,  might  be  made 
one  of  the  greatest  safeguards  where  trains  were  frequent> 
and  travelled  at  different  rates  of  speed. 
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5.  Telegraph  and  the  Block  System. — In  two  papers  on 
"  Railway  Accidents,"  by  Mr.  Brunlees  and  by  Captain 
Galton,  read  at  the  Institution  of  Civil  Engineers  in  1862, 
it  was  deduced  from  statistical  tables  that  the  great  majority 
of  accidents  were  attributable  to  preventible  causes,  and 
that,  of  these,  27  per  cent  were  due  to  the  absence  of  the 
eledtric  telegraph.  The  advantages  of  the  telegraph  in 
connexion  with  the  working  of  railways  were  dealt  with  in 
an  able  paper  by  Mr.  W.  H.  Preece,  which  was  read  at  the 
Institution  of  Civil  Engineers  so  far  back  as  January,  1863, 
and  although  all  the  views  expressed  by  him  on  the  subject 
at  that  time  have  not  met  everywhere  with  approval  or  adop- 
tion, the  system  generally  has  come  to  be  recognised  as 
absolutely  necessary  for  the  safe  working  of  any  line  of 
railway,  and  it  forms  a  most  important  element  in  the  now 
universally  adopted  block  system. 

The  first  attempt  of  a  block  system  introduced  on  rail- 
ways was  by  maintaining  a  presumed  time  interval  between 
trains;  this  plan,  however,  failed,  because  those  intervals 
could  not  in  practice  be  observed ;  and  the  permissive 
system  for  reducing  the  time  intervals  by  the  aid  of  the 
telegraph,  and  sending  trains  timed  to  travel,  and  capable 
of  travelling,  at  various  speeds,  one  after  another,  into  the 
sedlions,  with  a  caution  to  each,  may  also  be  considered  to 
have  failed,  because  it  does  not  afford  sufficient  prote<5tion 
to  the  traffic.  Under  these  time  systems  collisions  have 
occurred  from  engine-drivers  slackening  their  speed  to  avoid 
collision  with  trains  in  front  of  them,  and  being  run  into  by 
trains  behind  them.  The  greater  the  variety  of  speed 
between  the  trains,  the  more  does  the  weakness  of  such 
system's  become  apparent. 

The  proposal  to  divide  the  line  of  railway  into  telegraphic 
8e(5tions,  and  thus  to  preserve  space  intervals  between 
trains,  was  made  by  Mr.  (now  Sir  William)  Cooke,  as  far 
back  as  1842,  and  was  first  practised,  it  is  believed,  on  a 
portion  of  what  is  now  the  Great  Eastern  Railway,  in  1844 ; 
and,  subsequently,  a  train  telegraph  system  was  established 
on  portions  of  the  London  and  North  Western  Railway. 
This  latter,  however,  was  not  a  block  system,  or  a  space 
system,  but  a  time  system  worked  with  the  aid  of  telegraph 
instruments,  and  it  is  now  known  as  the  permissive  system. 
As  regards  the  block  system,  there  are  many  descriptions  of 
instruments  for  working  it,  and  various  rules  and  regulations 
applicable  to  it  on  different  lines  of  railway.  The  main 
principle  involved  is  simply  by  the  division  of  a  line  into 
block  sciStions,  and  allowing  no  engine  or  train  to  enter  a 
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block  sedlion  until  the  previous  engine  has  quitted  it,  to 
preserve  an  absolute  interval  of  space  between  engines  and 
trains.  This  may  be  done  mechanically  or  ele(5lrically. 
Any  means  of  communication  with  which  the  signalmen 
may  be  provided  will  enable  them  to  inform  one  another  of 
the  approach  of  a  train,  of  its  entrance  into  a  block  section 
at  one  end,  and  of  its  exit  from  that  block  se(5Uon  at  the 
other  end. 

Mr.  Harrison,  the  President  of  the  Institution  of  Civil 
Engineers,  has  stated  that  the  block  system  will,  as  soon  as 
it  is  possible  to  complete  the  necessary  works,  be  introduced 
throughout  the  whole  of  the  railways  in  England.  It  was 
stated  by  Mr.  Farrar,  before  the  Seledt  Committee  of  the 
House  of  Lords  last  year,  that  the  railway  companies  had 
already  spent  upon  introducing  the  block  system,  and  the 
svstem  of  interlocking  signals,  between  £700,000  and 
£800,000,  and  they  were  proposing  to  spend  a  great  deal 
more.  Besides  this  expense  there  is  a  considerable  annual 
cost  to  be  incurred  in  working  those  systems ;  the  increased 
cost  of  the  staff  alone  is  estimated  for  the  Great  Eastern 
Railway  at  £13,860,  and  on  the  Midland  at  £130,000  per 
annum.  In  the  case  of  the  North  Eastern  Railway  it  is 
calculated  that  on  the  completion  of  the  block  system,  the 
number  of  signalmen  will  be  increased  from  500  to  2000. 
Mr.  Rapier,  in  his  paper  to  which  we  have  already  referred, 
shows  that  the  probable  cost  of  the  interlocking  and  block 
system  on  fourteen  of  the  principal  railways  would  be  about 
^  per  cent  on  the  whole  cost  of  the  lines,  and  that  then 
their  carrying  power  might  be  so  increased  that  three  times 
as  many  trains  could  be  run  on  the  block  system  as  without 
it,  and  with  greater  safety.  The  probable  cost  of.  maintain- 
ing the  block  system  was  stated  to  be  about  2^  per  cent  on 
the  traffic  receipts,  and  this  comparative  percentage  was 
less  on  the  lines  which  had  a  great  number  of  points  to 
prote(5t  than  on  some  of  the  light  traffic  railways. 

6.  Siding  Accommodation. — It  was  pointed  out  in  the 
Report  to  the  Board  of  Trade  on  Accidents  that  occurred 
during  1871,  that  collisions  at  stations  often  occurred  from 
the  want  of  accommodation  at  the  stations  or  sidings, 
passenger  lines  being  unduly  obstructed  from  the  want  of 
sidings  in  which  to  place  slow  or  stopping  trains,  or  in 
which  shunting  may  be  performed.  The  same  deficiency 
of  accommodation  may  also  be  the  indirect  cause  of  col- 
lisions on  the  line  between  stations,  when,  for  instance, 
from  the  want  of  siding  accommodation,  a  slower  train  is 
despatched  in  advance  of  a  faster  one,  without  a  sufficient 
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interval  between  them  to  allow  of  its  proceeding  forward  to 
the  next  place  of  refuge  before  it  is  overtaken,  and  it  is 
stated  that  the  want  of  improvement  in,  and  addition  to, 
the  siding  accommodation,  combined  with  the  want  of 
modern  appliances  for  working  the  points  and  signals  from 
suitable  cabins,  and  interlocking  the  levers  with  one  another, 
and  of  telegraph-working  for  assisting  in  protecting  an 
obstru(5led  station,  have  principally  to  answer  not  only  for 
the  accidents  themselves,  but  also  for  the  negligence  of  the 
servants  by  which  those  accidents  were  more  or  less  diredtly 
occasioned. 

7.  Break  Power. — The  subjeft  of  break  power  is  one  of 
especial  importance,  many  lives  and  much  property  being 
hourly  dependent,  in  a  greater  or  less  degree,  on  the  power 
and  efficient  state  of  the  breaks.  It  has  been  found  that 
most  of  the  collisions  which  have  occurred  might  have  been 
prevented  had  those  in  charge  of  the  trains  possessed  the 
power  of  stopping  within  a  few  hundred  yards.  This  is 
more  particularly  necessary  on  account  of  the  high  speeds 
and  heavy  trains  now  adopted  on  all  lines.  It  is  therefore 
essential  that  there  should  be  ample  break  power  to  each 
train,  and,  whatever  system  may  be  adopted,  it  should  be 
powerful,  simple,  and  capable  of  being  applied  in  the  shortest 
possible  time.  On  certain  railways,  where  the  necessities 
or  convenience  of  the  companies  have  been  the  means  of 
inducing  more  rapid  improvements  in  this  respe(5t,  systems 
of  continuous  breaks  have  for  many  years  been  in  successful 
operation  ;  and  the  experience  of  these  lines  has  left  no 
doubt  of  the  value  of  such  systems  of  breaks.  Amongst  the 
simpler  means  of  providing  extra  break  power  are — increas- 
ing the  numbers  of  guards  and  of  break-vehicles ;  enabling 
a  guard  or  breaksman  to  apply  the  breaks  of  two  adjacent 
vehicles ;  allowing  the  guards  and  breaksmen  to  walk 
through  the  trains,  and  to  apply  the  breaks  of  the  various 
vehicles  provided  with  them ;  or  by  such  a  system  as  may 
enable  a  guard  from  his  own  van  to  apply  the  breaks  of 
several  vehicles,  in  which  may  be  combined  an  economy  in 
guards  with  efficiency  in  break  power.  In  the  use  of  any 
good  system  of  this  description,  it  becomes  unnecessary  to 
skid  the  wheels  of  break-vehicles,  and  flat  places  in  the 
wheel  tyres  are  thus  avoided.  Perhaps  the  most  perfedl 
system  of  continuous  breaks  yet  introduced  is  that  which 
enables  the  engine-driver  to  control  the  train,  and  by  means 
of  compressed  air  to  apply  all  the  breaks  at  once  without 
the  development  of  any  manual  exertion. 

The  limit  of  space  to  which  we  are  necessarily  confined 
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for  a  single  article  has  prevented  any  detailed  account  of 
the  various  methods  of  intercommunication  in  trains,  which, 
by  the  Regulation  of  Railways  Aft  of  1868,  is  direfted  to 
be  provided  in  every  train  carrying  passengers  and  travelling 
more  than  twenty  miles  without  stopping,  or  of  the  several 
other  minor  arrangements  suggested,  or  introduced,  with 
the  view  of  more  effedlually  securing  the  safety  of  pas- 
sengers. 

With  the  adoption  of  the  improved  methods  of  interlock- 
ing signals  and  points,  and  of  the  block  system,  no  doubt 
very  considerable  addition  is  made  to  the  safety  of  travellers, 
but  the  companies  are  thereby  put  to  great  additional 
expense,  both  in  first  cost  and  for  subsequent  maintenance, 
for  which  the  only  return  they  can  look  to  is  an  increased 
immunity  from  accidents.  To  ensure  absolute  security  is 
not,  however,  possible,  by  the  adoption  of  any  means  hitherto 
suggested.  The  introdu(5lion  of  the  block  system  necessi- 
tates the  maintenance  of  a  considerably  increased  staff  of 
signallers,  and  at  the  same  time  it  introduces  so  many 
additional  elements  of  human  fallibility,  whose  liability  to 
err  can  only  to  a  limited  extent  be  guarded  against  by  the 
employment  only  of  competent  men,  and  the  strift  enforce- 
ment of  such  rules  and  regulations  as  it  may,  in  each  case, 
be  considered  advisable  to  frame  for  their  guidance. 


III.     HUMAN    LEVITATION; 

ILLUSTRATING  CERTAIN   HISTORICAL   MIRACLES. 

CCORDING  to  Archbishop  Trench,  a  physical  defi- 
nition of  man  might  be  given  as  "  the  animal  that 
weighs  less  when  alive  and  awake  than  dead  or 
asleep  "  ("  Notes  on  the  Miracles,"  ed.  vii.,  p.  289).  This 
he  calls  "  a  faft  which  every  nurse  who  has  carried  a  child 
would  be  able  to  attest ;"  and  refers  to  Pliny  ("  Natural 
History,"  vii.,  18).  He  concludes,  "  that  the  human  con- 
sciousness, as  an  inner  centre,  works  as  an  opposing  force 
to  the  attraction  of  the  earth,  and  the  centripetal  force  of 
gravity,  however  unable  now  [i.^.,  since  Adam's  fall]  to 
overbear  it."  Unluckily,  Pliny's  words  do  not  make  this 
form  of  psychic  force  a  human  prerogative.  They  are, 
**  Mares  praestare  pondere ;  et  defundta  viventibus  corpora 
omnium  animantium,  et  dormientia  vigilantibus."  Perhaps, 
even  in  the  absence  of  any  accurate  experiments,  we  might 
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pretty  safely  say  this  very  broad  statement  is  unproved — 
that  some  animals  might  be  found  in  whose  weight,  awake 
and  asleep,  or  alive  and  dead,  our  most  delicate  balances 
would  not  detedl  a  difference.  It  is  said  to  have  been  so  with 
the  fish,  alive  and  dead,  about  which  our  ''  merry  monarch  *' 
suggested  to  the  founders  of  the  Royal  Society  one  of  their 
first  subjedls  of  inquiry.  But  it  was  not  pretended  to  be 
settled  without  experiment ;  nor  does  it  now  appear  how 
the  Archbishop  and  his  authorities,  the  nurses,  could  be 
contradidled  as  yet  by  anything  short  of  diredl  and  special 
experiments,  and  those  not  very  easy,  nor  likely  to  be  made 
with  much  accuracy  to-day  or  even  to-morrow.  The 
monarch's  joke  (if  such  it  were)  was  said  to  impress  a 
lesson  on  the  scientific  men ;  and  it  really  seems  as  if  the 
archbishop's  bit  of  traditional  physics  might  unwittingly 
teach  one  greatly  needed  by  those  of  the  present  day,  who 
repeat,  ad  nauseam,  that  in  their  studies  experiment  has 
superseded  dogma,  whatever  may  be  the  case  in  other 
subjedls.  Le  Play  names  the  following  authors  as  pledged 
to  this  position,  **  Les  sciences  physiques,  disent  les  nou- 
veaux  do<5leurs,  n'assignent  k  I'homme  aucune  place  ex- 
ceptionelle  dans  la  nature;  car  il  se  confond  par  des 
transitions  insensibles  avec  les  autres  animaux.*  MM. 
Baumgartner,  Biichner,  Burmeister,  Cotta,  Czolbe,  Feuer- 
bach,  Giebel,  Huschke,  Lowentha),  Lotze,  Moleschott, 
Muller,  Orges,  Rossmassler,  Strauss,  C.  Vogt,  R.  Wagner, 
Zimmermann."  He  invites  any  of  them  to  correal  him  if 
they  are  misrepresented  by  this  sentence  from  Bflchner's 
"  Force  et  Mati^re,"  1865,  p.  234.  **  The  best  authorities 
in  physiology  are  now  sufficiently  agreed  that  the  soul  of 
animals  differs  not  from  the  human  soul  in  quality,  but 
only  in  quantity."  Now,  without  implying  that  Trench's 
didtum  above  is  anywise  better  founded,  or  that  a  physical 
difference  between  human  and  brute  soul  can  or  ever  will 
be  detected,  we  would  humbly  ask,  supposing  two  physical 
propositions  like  the  following  were  made — which  are  not 
so  absurd  as  plenty  that  have  had  to  be  met,  and  very 
laboriously  demolished — could  any  or  all  of  those  eighteen 
physicists,  or  all  European  science,  lay  hands  to-morrow 
on  disproof  thereof?  Supposed  proposition: — "(i).  That 
between  the  weight  of  every  adult  man  (or,  say,  male  white) 
with  and  without  his  soul,  t.e,  alive  and  dead,  there  was  a 
difference  of  a  drachm  and  a  quarter ;  but  (2)  that  in  the 
case  of  no  brute  animal  (or,  say,  no  woman  or  no  negro) 

• 

*  L'Organitation  du  Travail,  pp«  a3z-2« 
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was  there  a  thousandth  of  this  difference ;  or,  if  you  please, 
always  a  difference  in  the  contrary  dire<ftion/'  so  that  the 
human  and  brute  soul  (or  the  male  and  female  human,  or 
the  European  and  the  negro)  should  be  so  widely  different 
physically  as  for  the  one  to  possess  gravity  and  the  other 
levity :  would  there,  in  any  of  these  cases,  be  any  record  of 
experiment  to  this  hour  that  could  negative  the  statement  ? 
If  not,  then  who,  the  theologian  or  the  scientists,  are  the 
rasher  dogmatists,  or  the  more  unphilosophical  ? 

Surely  Faraday  had  done  all  his  teaching  before  that 
wonderfully  unlucky  didtum,  that  investigators  ought  to 
approach  an  inquiry  with  *'  preliminary  notions  of  the  natu- 
rally possible  and  impossible."  It  amounts  to  this,  that 
before  investigating  whether  nature  contains  Xy  you  ought 
to  know  what  nature  does  and  does  not  contain.  A  tolerable 
attainment  truly.  The  only  man  we  have  known,  and 
perhaps  the  first,  to  claim  this  sublimity  of  knowledge, 
was  Daubeny,  who,  in  the  stir  raised  by  Colenso's  denial 
of  Noah^s  stoty,  or,  rather,  the  saying  of  Christ  about 
*'  the  day  that  No€  entered  the  ark,  and  the  flood  came  and 
took  them  all  away,**  deigned  to  assure  the  clergy  (in  their 
paper  **  The  Guardian  "),  and,  apparently,  to  their  satis- 
fa(5tion,  that  "  nature  evidently "  [to  botanical  professors] 
*'  contains  no  forces  competent  to  produce  "  the  described 
catastrophe.  Faraday's  requirement  then  is  even  exceeded  ; 
here  is  knowledge  not  only  of  what  the  universe  contains, 
and  does  not  contain,  but  of  what  it  did  or  did  not  many 
centuries  ago !  But  we  are  wrong  in  calling  his  knowledge 
unparalleled.  Here  is  a  perfedt  parallel  elicited  by  the 
very  same  subjedt,  "  The  Noaic  Deluge,"  by  the  Rev.  S. 
Lucas,  F.G.S.,  a  writer  just  as  certain  (from  Geology)  that 
such  deluge  happened,  as  Colenso  and  Daubeny  that  it  did 
not.  At  page  z  of  this  little  book,  Mr.  Lucas  says,  **  We 
run  no  risk  of  contradidlion  when  we  afHrm  that  nothing  at 
the  command  of  mere  natural  law,  or  of  mere  material 
force,  could  produce  it."  He  knows,  then,  what  of  law  and 
of  material  force  universal  nature  commands — nay,  what  it 
did  and  did  not  command  at  a  certain  past  epoch ;  and, 
more,  knows  this  so  well  as  to  ''  run  no  risk  of  contra- 
didtion  "  in  affirming  it !  He  proceeds,  *'  No  mere  natural 
forces  [mere  !] ,  however  gigantic  and  powerful,  could  break 
up  all  the  fountains  of  the  great  deep,  and  open  the  windows 
of  heaven  :  consequently,  these  events  must  be  deemed 
miraculous,"  &c.  Why  is  it  that  no  Englishman  of  this 
generation  seems  ever  to  touch  either  of  these  questions, 
what  is  natural,  and  what  is  miraculous,  without  deeming 
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that  " consequcntl}' "  the  other  is  called  up?  What  is 
their  connexion  ?  We  never  could  see  more  than  between 
the  questions  whether  a  writing  is  true  and  whether  the 
ink  is  good.  Mr.  Lucas  goes  on,  "  It  is  not  the  gentle 
whisper  of  quiet,  nor  the  louder  utterance  of  agitated, 
nature,  but  the  thunder-voice  of  Almighty  God  which 
speaks  in  it."  (Elijah,  then,  greatly  erred,  it  seems,  in  his 
estimates  of  what  was  in  the  wind,  earthquake,  and  still 
small  voice).  But  if  some  things  are  done  by  "  agitated 
nature,"  and  others  are  beyond  her  power,  and  yet  done, 
how  many  Creators  or  Lords  have  we  ?  Evidently  two, 
according  to  Mr.  Lucas,  a  scientist  who,  like  Daubeny,  is  up 
to  the  Faradayan  standard,  having  apprehension  of  **  the 
naturally  possible  and  impossible." 

This  ditheism,  and  the  said  knowledge  or  faculty,  though 
doubtless  extant  long  ago,  our  reading  traces  no  further 
back  than  Dr.  Newman's  *'  Essay  on  Miracles,'*  published 
about  1830,  or  fifteen  years  before  his  change  of  religion. 
He  makes  it  one  "  criterion "  of  a  miracle  to  have  no 
physical  cause.  The  second  of  his  classes  of  doubtful  ones 
is  **  (2.)  Those  which  from  suspicious  circumstances  attending 
them  may  not  unfairly  be  referred  to  an  unknown  physical  cause,** 
Now,  granting  for  the  sake  of  argument,  that  it  is  de  fide 
that  some  events  happen  with  no  physical  cause,  how  are 
we  to  distinguish  these  ?  A  most  important  task,  because 
they  are  claimed  as  the  miraculous  credentials  of  various 
opposed,  creeds;  and  any  physical  cause,  known  or  unknown, 
according  to  Dr.  Newman,  vitiates  their  claim.  Whoever 
is  to  apply  this  criterion  plainly  needs,  no  less  than  the 
very  requirement  of  Faraday,  the  very  attainment  of  the 
above  authors — an  exhaustive  knowledge  of  the  universe 
and  its  contents.  This  is  only  possible  by  inspiration,  as 
Dr.  Newman  would  doubtless  allow ;  and  as  high  a  degree 
thereof  as  ever  was  ascribed  to  any ;  for,  surely,  to  know 
what  is  in  nature  would  be  a  gift  nowise  inferior  to  His  who, 
we  are  told,  **  knew  what  was  in  man."  But  no  less  a 
faculty  does  Dr.  Newman  make  necessary  to  any  and  every 
learner  who  will  know  whether  to  regard  a  given  fa(5t  as 
miraculous ;  though  the  sole  use  of  miracle  is  to  attest  to 
him  another's  occasional  and  limited  inspiration.  What  it 
is  to  prove  is  the  inspiration  of  certain  words ;  but  to  find 
whether  it  is  any  proof,  you  must  first  have  inspiration  un- 
limited. 

Locke  said,  **  To  discourse  of  miracles,  without  defining 
what  one  means  by  the  word "  (which  is  all  I  find  present 
writers  doing)  "  is  to  make  a  show,  but  in  effect  to  talk  of 
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nothing."  As  his  definition  does  not  quite  satisfy  us,  we  would 
define  a  miracle  to  be  "  a  predifted  occurrence,  so  impro- 
bable when  predicated,  that  when  accomplished  it  convinces 
men  of  a  superhuman*  presence,"  The  time  between  pre- 
di(5tion  and  verification  may  be  half  a  minute,  or  fifty  cen- 
turies ;  it  may  be  "  Peace,  be  still,"  or  "  They  shall  afflidl 
them  400  years,"t  or  "  Be  thou  clean,"  or  "  Go  and  wash 
in  Jordan  seven  times;"  but  predi(5tion  there  must  be. 
Voltaire  alone,  that  we  are  aware,  points  this  out,  that 
predi(5tion  is  the  prime  essential.  Without  it  there  is  no 
proper  miracle,  for  all  value  lies  in  the  event's  relation  to 
some  antecedent  utterance — not  quite  always  in  its  veri- 
fication, but,  occasionally,  when  it  is  a  king's,  in  its  falsifi- 
cation :  as  when  Nebuchadnezzar's  predicStion  that  he  would 
burn  the  three  Jews  was  falsified;  or  that  of  the  Arian 
powers  that  they  would  instal  Arius ;  or  that  of  Julian  that 
he  would  restore  the  Jews  their  temple. 

Now  to  take  a  notorious  case  or  two  :  If  Peter  made  the 
predi(5tion  ascribed  to  him  in  Acts,  v.,  9,  and  Sapphira  fell  as 

*  **  Superhuman/'  or  superkingly,  does  not  of  course  imply  ** divine;**  but 
Locke  showed  that  when  a  miracle  is  set  forth  as  divine,  nothing  can  be 
simpler  than  the  test  of  this  claim.  It  will  be  divine  if  carrying  **  the  marks 
of  a  greater  power  than  appears  in  opposition  to  it.**  Professor  Tyndall  says 
he  is  asked  to  infer,  from  Aaron's  rod  or  snake  being  larger  than  those  of 
Jannes  and  Jambres,  that  these  men  were  **  not  good.**  On  the  contrary,  it  is 
nowhere  implied  that  they  were  less  good  than  Moses.  As  far  as  appears, 
they  faultlessly  performed  their  duty,  a  most  important  one,  similar  to  that 
on  which  the  late  emperor  sent  Houdin  to  Algeria,  and  for  which  we  have 
here  daily  more  pressing  need.  Houdin,  by  outdoing  the  Arab  jugglers, 
arrested  their  mischievous  authority.  Pharaoh's  magicians,  tried  their  thaums 
(not  juggling,  apparently,  but  spirit  sorceries),  and  made  to  their  master  an 
honest  report,  that,  if  credited,  would  have  saved  him  and  his  army. 
From  the  snake  experiments,  as  "^well  as  later,  they  logically  inferred, 
**  This  is  the  finger  of  a  god,**  or,  rather,  of  the  Supreme.  If  Aaron's  serpent 
swallows  ours,  and  we  cannot  produce  one  to  swallow  Aaron's,  it  is  safe  to 
infer  that  he  is  right.  There  can  be  no  power  greater  than  Aaron's  God ;  be> 
cause  the  Supreme  (if  there  be  any)  would  not  allow  an  advantage  over  him- 
self to  be  claimed  and  shown.  This  would  be  abdicating,  and  he  would  no 
longer  be  supreme.  That.  **  as  Jannes  and  Jambres  withstood  Moses,"  so  did 
certain  bad  men  resist  truth,  nowiee  implies  the  former  were  bad.  What  they 
did,  we  maintain,  ought  always  to  be  done  in  like  cases. 

t  Longer  periods  might  be  instanced  by  travelling  out  of  the  legends  in 
every  child's  hands.  E.g,^  Sir  Isaac  Newton  deduced  from  Rev.  xii.,  6,  that  the 
corporate  holders,  in  his  day,  of  the  ruins  of  ancient  Rome,  would  hold  pos- 
session thereof  altogether  1260  years.  He  did  not  undertake  to  ascertain  or 
state  exadly  when  this  possession  had  begun;  but  it  is  easily  found,  in 
Baronius,  &c.,  that  their  first  holding  any  of  those  buildings  (namely,  the 
only  one  in  Europe  that,  **  prepared  "  in  antiquity,  continues  unruined  and  in 
use)  dated  from  bequest  of  Phocas,  who  was  deposed  and  killed  ic  Sept.-Od., 
610.  Moreover,  whenever  this  class  of  fads  come  to  be  examined,  it  will  be 
found  that  every  date-predidtion  in  the  Old  Testament  has  been  verified,  and, 
if  observed,  would  have  ended  religious  strife ;  and  that  the  very  longest, 
extending  to  2300  years,  had  its  consummation  in  this,  our  generation,  not 
merely  to  the  year,  but  the  month  and  day. 
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stated  (for  we  would  no  more  rank  her  husband's  death 
among  miracles  than  the  liar's  recorded  in  Devizes  market- 
place, since  it  was  not  predifted) ;  or  if  the  prediction  in 
Matt.,  xvii.,  27,  was  made  and  verified  as  the  story  implies  ;* 
either  of  these,  we  may  presume,  would  be  held  as  thorough 
miracles  as  any  on  record  or  tradition.  But  where,  in  either 
of  them,  is  there  room  to  insert  anything  without  physical 
cause,  or  to  make  a  breach  of  continuity?  Would  Dr. 
Newman  say  the  aCt  of  the  fish  picking  up  a  shining  coin 
was  unnatural ;  or  less  natural  at  one  time,  the  moment 
before  being  caught,  than  at  any  other  time  ?  Would  Mr. 
Lucas  ''  run  no  risk  of  contradi(5lion  in  affirming  that 
nothing  at  the  command  of  mere  natural  law  could,"  at 
that  time,  cause  apoplexy  in  Sapphira  ?  and,  **  consequently, 
these  events  must  be  deemed  miraculous."  What  have  the 
question  of  miraculousness  and  that  of  naturalness  to  do 
with  each  other  ? 

Dr.  Newman  repeated,  in  his ''  Apologia,"  this  paradoxical 
distin(5lion  between  the  "  miraculous "  and  the  "  provi- 
dential," and,  on  further  inquiry,  assured  the  present  writer 
that  ''  special  providences  are  one  kind  of  Divine  works, 
and  miracles  are  another."  But  on  being  asked  for  some 
notion  of  the  difference,  he  was  silent ;  and  we  believe  that 
any  number  of  divines  or  philosophers  may  be  challenged  in 
vain  ever  to  make  out  a  more  real  or  objective  distin^ion 
here  than  if  he- had  said,  ''Stars  near  enough  to  have  a 
detected  parallax  are  one  kind  of  Divine  works,  and  those 
beyond  present  parallax-measuring  are  another  kind." 
Whether  instruments  exist  that  have  deteCled  a  star's 
parallax  or  not,  is  precisely  and  merely  such  a  difference  as 

*  The  passage  is  one  of  those  most  needing  re-translation.  **  The  takers  of 
[temple]-shilling8  came  to  Peter,  and  said,  Does  not  your  master  pay  the 
[templej-shillings  ?  He  saith,  Yes.  And  as  he  entered  the  house,  Jesus 
anticipated  him,  saying.  What  thinkest  thou,  Simon  ?  From  which  do  the 
kings  of  the  earth  take  tax  or  toll  ?  From  their  own  sons,  or  from  strangers  ? 
And  when  he  said  {Vat.  and  Sin,  MSS.]  From  strangers,  Jesus  said  to  him, 
In  that  case  the  sons  are  free.  But  lest  we.  make  these  men  stumble,  go 
thou  to  the  lake,  cast  hook,  and  the  first  fish  rising  do  thou  take,  and  having 
opened  the  mouth  thereof,  thou  wilt  find  a  florin,  which  take  and  give  to  them 
for  me  and  for  thee.*'  Definite  coins  ought  by  no  means  to  be  rendered  **  a 
piece  "  or  **  pieces,"  and  the  monetary  terms  used  in  translating  the  New  Tes- 
tament are  most  important,  as  influencing  future  laihguage.  The  inpopwQ^ 
being  a  day's  wage,  ought  to  be  rendered  a  dollar^  as  long  as  our  coinage  has 
no  term  better  than  the  ambiguous  and  most  barbarous  "  crown  "  and  '*  half- 
crown."  Lacking  also  any  term  like  talents  (for  want  of  which  we  have  such 
slang  as  "ponies"  and  **  monkeys")  this  has  to  go  untranslated.  But  ii»ac 
might  be  purses  ;  mump  and  ipaxfif^  should  be^orm  ;  and  ilSpax/iat  shilhngs ; 
affo'dptov,  a  groat ;  KoSpdtniiQi  a  penny  ;  and  Xcirrd  660  6  i<m  KoSpdivrriCt  **  two 
obolst  which  make  a  penny,"  giving  this  decent  word  a  chance  of  superseding  our 
wretched  '*  halfpenny." 
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whether  the  physical  modus  of  an  occurrence,  say,  of  the 
fish  getting  the  coin  into  its  mouth,  or  of  the  great  deep 
being  broken  up,  and  mankind  swept  off  '^  in  the  day  No^ 
entered  the  ark,"  is  or  is  not  satisfaflorily  clear  to  Mr.  A.  or 
B.,  to  Daubeny  or  Lucas.  The  difference,  then,  between 
miracle  and  non-miracle  would  be  purely  subjedlive,  and 
different  for  any  two  men  existing,  or  that  ever  will  exist* 
Thus,  to  Mr.  Lucas,  who  finds  from  Geology  that  the  deluge 
happened,  but  "  knows"  the  universe  to  contain  no  "  mere 
natural  law"  that  could  effeA  it,  this  event  would  be  a 
miracle  ;  while  to  us,  who  can  find  in  no  part  of  either  its 
legend  or  relics  the  smallest  departure  from  the  laws  even 
now  known  of  the  visible  part  of  nature,  and  are  driven  to 
credit  such  legend  by  its  minute  correspondence  in  detail 
with  all  the  latest  discoveries  in  nature,  it  would  be  no 
miracle  1 

In  the  stifling  dust  raised  around  all  these  matters  since 
Dr.*  Newman's  paradox.  Professor  Tyndall  has  made  the 
true  remark  that  there  can  be  no  prayer-granting  without 
miracle,  or,  rather,  the  miraculous  element.  If  unseason- 
able weather  changes,  after  prayer  for  '*  seasonable  "  weather 
(the  only  prayer  thereon  ever  sanctioned  by  the  church), 
into  seasonable,  this  implies  the  miraculous,  but  no  more 
of  the  unphysical  than  Peter's  fish*  Dr.  Tyndall,  however, 
first  ignoring  the  church's  important  adjedlive,  compared 
this  to  a  prayer  that  an  eclipse  might  be  delayed ;  as  if  such 
delay  would  be  a  thing  **  seasonable.''  He  then  lays  down 
as  *'  science  "  the  gratuitous  paradox  that  winds  and  clouds 
of  to-morrow  may  be,  like  the  planetary  motions,  pre-deter- 
mined  by  only  brute  cosmic  forces ;  which,  if  as  true  as  it  is 
demonstrably  false,  would  not  even  then  give  the  fixity  he 
wants,  as  the  planetary  system  itself  is  invaded  at  any 
moment  by  unknowable  comets  and  meteors,  and  solar 
radiation  hourly  altered  by  storms  of  the  photosphere.  He 
requires,  at  the  outset  of  his  attack,  all  the  present  century's 
discoveries  to  be  ignored.  But  let  us  grant  him  a  solar 
system  as  simple  as  mediaeval  ignorance  ever  fancied  ;  this 
would  not  help  him.  Yonder  is  a  gardener,  who  may  dig 
twenty  more  spadefuls  before  dinner,  or  perhaps  only  nine- 
teen. Is  Dr.  Tyndall  prepared  to  prove  that  whether  they 
shall  be  twenty  or  nineteen  is  already  as  determined,  by  laws 
of  brute  matter,  as  the  next  transit  of  Venus  ?  If  not,  he 
should  have  warned  readers  that  the  whole  prayer  argument 
was  a  mere  jcu  d^esprit,  hanging  on  the  assumption  of  this 
extreme  necessarianism.  Relax  one  stitch  thereof,  and  the 
whole  fabric  falls,  thus  : — If  there  be  any  uncertainty  about 
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that  twentieth  spadeful,  on  this  may  depend  whether  a  slug 
is  turned  up  or  not ;  on  the  slug  may  depend  a  young 
swallow's  dinner  who  is  feeble,  and  on  this  may  depend 
whether  he  shall  follow  his  colony,  and  reach  Africa ;  but 
on  this  fledgling's  arrival  or  non-arrival  may  depend  whether 
a  certain  insedl  shall  serve  him  for  supper,  or  be  left  to  lay 
a  million  eggs,  which,  in  that  case,  will  next  month  be  each 
a  locust  laying  a  million  more  ;  and  on  this  billion  of  locusts 
and  their  progeny  may  depend  whether  at  Christmas  all 
Ashantee  and  three  Senegambias  of  forest  shall  be  green  as 
Eden  or  a  leafless  wilderness,  and  its  mean  temperature 
loo"*  or  only  jd" ;  and  on  whether  such  an  area  be  the  hottest 
or  coolest  portion  of  the  planet's  intertropical  lands,  may 
well  depend,  by  Dr.  Tyndall's  own  showing,  the  winds  and 
drought  or  wet  of  a  season,  over  half  Europe  or  the  whole. 
It  behoved  him,  then,  to  be  quite  sure  about  that  gardener's 
last  spadeful,  and  all  such  causes,  which  yet  he  wholly 
leaves  out  of  account !  The  weather  of  large  districts  may 
as  plainly  be  still  more  quickly  affedted  by  events  that  adls 
of  man  or  beast  unconsciously  bring  about — as  forest  fires ; 
avalanches  that  a  goat  may  set  rolling ;  dykes  burst,  and 
Zuyder  Zees  refilled  for  ages  by  the  burrowing  of  a  rat ; 
shoals  of  herrings  or  of  whales  that  by  turning  right  or 
left  may  make  a  month's  difference  in  the  break-up  and 
drifting  to  us  of  half  a  year's  polar  ice.  Here  we  confine 
ourselves  to  visible  nature  and  known  forces.  Let  the 
insane  assumption  be  granted  that  there  is  no  invisible 
nature,  nor  aught  unknown,  and  even  so.  He  that  owns  and 
actuates  the  cattle  on  a  thousand  hills,  might  thus  plainly, 
by  only  one  of  their  hoofs,  make  the  winds  his  ministers, 
and  flames  of  fire  his  messengers. 

The  flood  of  paradox  thus  accumulating  from  the  crudities 
of  teachers  of  the  most  different  schools  makes  all  we  have 
said,  and  more  definition,  necessary  for  protection,  ere  one 
can  touch  matters  even  distantly  bearing  on  these.  The 
writer  hopes,  therefore,  he  will  be  understood  to  have  no 
knowledge  as  to  the  limits  of  the  ''  naturally  possible  and 
impossible  ;"  and  lacking  this,  or  any  ground  for  the  conceit 
of  two  such  differentiated  powers  as  ''  nature  and  God,"  he 
can  only  understand  by  **  nature  "  the  course  of  whatever  has 
happened ;  and  thus  can  make  no  distincStion  between  saying 
a  thing  happened,  or  that  God  did  it,  and  saying  it  is 
natural.  "  If  the  dead  rise  not,  then  is  Christ  not  risen," 
and  he  who  thus  wrote,  we  suppose,  would  have  added,  if 
relevant,  "  and  if  the  living  are  never  born  of  virgins,  then 
was  Christ  not  so."    Before  a  man  can  know  this  to  be 
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never  natural,  he  must  know  that  neither  was  Christ  so, 
nor  Adam,  nor  any  pre-adamite  man,  mammal,  or  ascidian  ; 
that  no  virgin  ever  bore  the  head  or  progenitor  of  a  new 
race,  to  be  superior  to  her  ancestral  one.  Now,  since 
Aristotle's  eternity  of  generations  is  by  general  consent  now 
exploded,  it  seems,  on  the  whole,  more  probable  that  this 
thing  may  have  sometimes  happened ;  even  as  many  times 
as  the  earth  contains  distincSt  organic  species.  But  if  only 
once;  or  if  but  one  planet  has  once  been  overtaken  by 
steam  enough  to  deluge  it  totally  in  one  day  ;  or  if  a  bodily 
levitation,  like  those  of  Mr.  Home,  testified  by  the  editor  of 
this  journal,  by  Lord  Lindsay,  and  many  others,  has  only 
once  occurred  to  any  man  ;  then  each  of  these  occurrences 
is  sometimes  natural.  Under  what  conditions,  we  may 
never  be  able  the  least  to  define,  but  whatever  happens  we 
must  call  natural,  whether  the  naturalness  be  clear  to  few 
or  many,  to  all  or  none  of  us.  We  can  only  hold  it  to  be 
within  the  regular  course  or  evolution  of  the  Eternal  Evolver, 
^*  with  whom  is  no  variableness  nor  shadow  of  turning," 
and  whose  machinery  more  than  one  ancient  termed  **  His 
wheels"  (Ezek.,i.,  16;  Dan.,vii.,g);  the  continuity  of  which, 
through  miracle  and  non-miracle  alike,  the  former  seer 
surely  not  obscurely  intimates.  "  Whithersoever  the  spirit 
was  to  go,  they  went,  and  turned  not."  No  reversal  or 
instant  of  interruption  in  the  Evolver's  laws.  '*  When  the 
living  creatures  went,  the  wheels  went  by  them."  "  When 
those  stood,  these  stood ;" — "  for  the  spirit  of  the  living 
creature  was  in  the  wheels," — not  away,  or  distinfl  from 
the  mechanism.  And  though  wheel  be  within  wheel,  and 
"as  for  their  circles,  they  were  so  high  that  they  were 
dreadful,"  yea,  worshipped  ;  and  in  these  days,  no  less  than 
Ezekiel's,  it  has  been  ''  cried  unto  them  in  my  hearing,  O 
Wheel ;"  yet  is  this  twice  repeated  that  they  are  "  full  of 
eyes,"  and  that  the  living  spirit  is  not  distindt  from,  but  is 
**  in  the  wheels." 

Neither  spiritualists  nor  admitters  of  historical  miracle, 
then,  believe,  as  they  are  taxed  with  doing,  any  interruption 
of  natural  law.  We  as  fully  hold  the  continuity  and  eternity 
of  evolution  and  its  laws  as  Sir  William  Grove  does.  But 
to  the  false  charge  of  our  holding  this  superstition, 
there  is  added  the  boast  that  modem  pracStical  science  has 
abandoned  the  same,  and  insists  on  absolute  continuity. 
This  is  no  truer  than  the  above,  as  an  example  from  those 
making  most  pracStical  claim  to  science  will  show.  While 
the  Sydenham  Crystal  Palace  was  building,  in  August,  1853, 
a  scaffolding  fell  and  killed  some  men,  so  that  an  inquest 
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had  to  be  held.  The  witnesses  and  experts,  including  three 
first-rate  engineers,  named  Vignoles,  Crampton,  and  Fox, 
agreed  that  the  fall  was  **  one  of  those  events  that  cannot  be 
accounted  for ;"  that  neither  the  materials  nor  plan  of  con- 
struction could  be  better  {Builder,  1853,  p.  546) ;  the  two 
former  that  both  were  such  as  they  would  repeat  identically, 
and  Crampton  advised  that  this  should  be  done,  ''  believing 
it  to  be  perfeftly  safe," — safe  by  physical  law,  though  in 
faft  it  had  fallen.  Neither  our  engineers  nor  coroners* 
courts,  then,  objedl  to  miracles  in  Dr.  Newman's  sense — 
events  without  physical  cause,  or  breaches  of  physical  law. 
They  will  on  occasion,  on  what  they  consider  "dignus 
vindice  nodus,"  admit  as  readily  as  any  medisval  monk,  that 
**  Deus  intersit "  in  this  capricious  manner.  But  as  Paul 
said  that  if  the  Sadducees  were  right,  he  and  his  fellows 
must  be  ''false  witnesses  of  God,"  in  testifying  that  he 
raised  up  a  man  from  death,  *'  whom  he  raised  not  up  if 
so  be  that  the  dead  rise  not ;"  we  must  admit  that,  sitnilarly, 
if  the  view  of  continuity  common  to  St.  Paul,  Grove, 
Tyndall,  and  ourselves  be  sound,  these  engineers  are  just 
such  witnesses,  in  swearing  that,  to  overthrow  the  scaffold- 
ing, He  interrupted  natural  law,  which  He  did  not  interrupt 
if  (as  we  hold)  it  is  continuous. 

Events  that  we  hold  to  be,  like  all  events,  natural  and 
**  in  the  wheels,"  but  which  are  not  explicable  without  the 
volition  of  unseen  beings,  and  have  so  been  taken  to  attest 
the  presence  of  an  invisible  populatioii,  require  some  dis- 
tinctive name.  Any  that  were  clearly  predicated  would  of 
course,  by  my  definition,  be  miracles ;  but  when  they  are 
not  predi<5ted,  this  definition  excludes  them,  and  I  would 
suggest  the  non-scripturar  but  classic  and  patristic  term 
thaums.  In  every  historical  age  of  the  most  civilised 
countries,  these  have  been  as  well  attested  as  any  terrestrial 
fa<5ls,  not  reproducible  at  will,  can  be  attested  ;  and  during 
the  centuries,  before  and  since  the  Reformation,  that  the 
frightful  superstitions  as  to  the  crime  of  witchcraft  held 
sway,  plenty  of  such  faCts  were  always  sufficiently  testified 
to  induce  English  judges  and  juries,  and  afterwards  American 
ones,  to  consign  hundreds  of  unfortunate,  harmless  women 
to  death.  One  phenomenon  always  then  held  to  fix  this 
crime — and  which,  if  proved  in  court,  would  cost  the  subjedl 
his  or  her  life — was  bodily  levitation ;  in  which  some  force 
was  seen  to  work,  in  Archbishop  Trench's  words,  "  as  an 
opposing  force  to  the  attr-a<5tion  of  the  earth,"  and  also  "  to 
overbear  it."  The  thing  is  testified  now,  of  Mr.  Home,  a 
Scotchman,  the  American  Davenports,  when  children,  the 
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eleven  cases  already  recorded,  as  witnessed  by  the  Editor  of  this 
Journal,  and  probably  of  more  individuals  now  living,  and  by  a 
greater  mass  of  respedlable  testimony  than  it  ever  was  in  any 
single  past  age;  though  there  were  examples  in  every  age  of 
which  civilised  records  remain.  Now  the  most  striking  point  is 
the  close  correspondence  of  minor  details  in  the  old  accounts 
with  those  noted  by  modern  witnesses,  who  evidently  never 
saw  nor  received  any  tradition  of  those  accounts,  and,  in- 
deed, are  generally  under  the  error  that  the  whole  is  as  new 
a  discovery  of  this  age  as  galvanism  or  photography. 

As  Newton  is  held  to  have  proved  that  gravitation  and 
inertia  in  every  mass  are  proportional,  we  might  expedl 
that  whatever  overbears  the  former  would  be  equally  capable 
of  neutralising  the  latter ;  and,  in  fa£l,  the  elder  records 
hardly  speak  of  visible  suspensions  like  those  of  Mr.  Home, 
but  mainly  of  sudden  unseen  transfers  of  the  person  to  a 
distance ;  like  that  alleged  of  Dr.  Monck  last  year,  from  his 
own  residence  at  Bristol  to  the  garden  of  his  friend,  Mr. 
Young,  at  Swindon  ;  or  the  earlier  but  better  attested  one  of 
Mrs.  Guppy,  from  her  house  at  Holloway  to  a  circle  of  her 
friends  assembled  at  No.  61,  Lamb's  Conduit  Street ;  or, 
a  few  months  ago,  that  of  Mr.  Henderson,  a  well-known 
photographer  of  London,  for  a  smaller  distance,  but  attested 
by  eighteen  persons  besides  himself — the  nine  assembled 
with  him  at  Mr.  Guppy's,  and  the  whole  Stokes  family,  at 
Highbury,  where  he  was  unexpedledly  found.  It  is  easy  to 
see  that  two  or  three  such  transfers  occurring  to  one  man, 
as  Abaris  the  Scythian,  in  the  time  of  Pythagoras,  could 
not  fail  to  procure  him  the  surname  of  **  ^throbai,'*  or  air- 
walker  ;  and  in  the  next  age  the  story  that  Apollo,  of  whom 
he  was  a  priest,  had  bestowed  on  him  a  golden  arrow, 
whereby  to  be  conveyed  wherever  he  desired.  But  this 
most  natural  error,  that  the  adepts  can  be  levitated  at  will, 
and  in  what  direction  they  please,  does  not  tinge  the  older, 
yet  more  sober,  record  of  our  earliest  historic  aethrobat,  him 
of  the  Old  Testament.  "  And  behold,"  expostulates  the 
courtier  to  whom  Elijah  (vainly  sought  for  three  years)  had 
first  reappeared,  "  thou  sayest.  Go,  tell  thy  lord.  Behold, 
Elijah  is  here ;  and  it  shall  come  to  pass,  as  soon  as  I  am 
gone  from  thee,  that  the  spirit  of  Yahveh  shall  carry  thee 
whither  I  know  not ;  and  so  when  I  come  and  tell  Ahab, 
and  he  cannot  find  thee,  he  shall  slay  me."  Then  he  re- 
counts his  piety  (i  Kings,  xviii.,  11),  *'  And  now  thou  sayest, 
Go,  tell  thy  lord,  Behold,  Elijah  is  here;  and  he  shall 
slay  me."  He  dares  not  go  till  the  prophet  has  sworn,  "  I 
will  surely  show  myself  to  him  this  day."    Like  all  our 
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modem  sethrobats,  though  he  cannot  will  nor  direfl  his 
levitations,  he  can  prevent  them.  The  allusive  and  matter- 
of-course  way  that  their  general  fadl  here  comes  in,  so  that, 
but  for  this  and  one  mention  after  his  final  disappearance,  we 
should  not  guess  the  phenomenon  to  have  occurred  in  all 
Hebrew  history,  is  inimitable,  and  makes  it  far  stronger 
than  if  particular  cases  had  been  described.  Not  even  was 
it  introduced  by  any  such  note  as  that  respedling  young 
Samson,  "  And  the  spirit  of  the  Lord  began  to  move  him  at 
times  in  the  camp.'*  It  seems  assumed  that  readers  of  this 
brief  abstradl  from  the  annals  will  no  more  need  telling  that 
Elijah  was  frequently  air-borne,  than  to  be  told  what  country 
the  Pharaoh  ruled  ;  or  than  the  sons  of  the  prophets  needed 
to  explain  when,  after  his  ascension,  they  said  to  his  suc- 
cessor {2  Kings,  xii.,  16),  "Behold  now,  there  be  with  us  fifty 
strong  men;  let  them  go,  we  pray  thee,  and  seek  thy 
master ;  lest,  peradventure,  the  spirit  of  Yahveh  hath  taken 
him  up,  and  cast  him  upon  some  mountain,  or  into  some 
valley.  And  he  said.  Ye  shall  not  send.  And  when  they 
urged  him  till  he  was  ashamed,  he  said,  Send.  They  sent 
therefore  fifty  men ;  and  they  sought  three  days,  but  found 
him  not.  And  ...  he  said  unto  them,  Did  I  not  say  unto 
you,  Go  not  ?" 

About  three  centuries  after  this,  but  in  Europe,  and  not 
yet  in  quite  such  broad  historic  daylight  as  in  Ahab's  Israel, 
we  find  the  pair  of  levitants,  Abaris  and  Pythagoras.  If  it 
were  still  mythic  twilight,  all  or  the  main  share  of  this  and 
any  other  marvellous  feature,  would  be  heaped  upon  the 
crown  of  the  great  seer  and  martyr,  the  greatest  European 
of  his  age,  or  perhaps  of  any  age,  the  founder  of  the  most 
civilised  religion  of  the  next  thousand  years,  whose  votaries 
ceased  to  quote  him  by  name,  but  only  as  **  He,"  and  main- 
tained that  "  Three  kinds  of  being  are  biped — birds,  men, 
and  our  master."  But  the  habitual  air-walking  is  ascribed 
only  to  his  humble  friend  Abaris,  of  whom  nothing  else  is 
known ;  and  but  one  single  levitation  to  the  great  sage.  Ac- 
cording to  all  his  three  biographers,  it  was  universally  held 
that  once  he  had  on  the  same  day  addressed  a  class  of  his 
disciples  in  the  city  of  Metapont  (near  the  modem  Taranto), 
and  another  circle  in  Taormina,  at  the  foot  of  Etna.  As  in 
every  modern  case,  we  observe,  it  is  only  into  the  company 
of  friends,  either  recorded  to  be  at  that  moment  speaking  of 
him,  or  very  presumably  having  him  in  mind,  that  the 
levitant  is  carried.  That  Pythagoras  was  a  bom  thauma- 
turge, or  first-rate  "  medium,"  as  it  is  now  called,  appears, 
apart  from   all   legend,   by  the   most   remembered   of  his 
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peculiar  diAa,  namely^  that  '^  AH  things  whatever  are  to  be 
hoped  for,  because  all  are  possible  to  the  Gods."  This  is 
evidently  identical  with  Christ's  most  enigmatical  doflrine 
of  receiving  "  whatsoever  ye  ask  believing ;"  and  is  a  senti- 
ment that,  true  or  false,  could  never  enter  the  head  of  a 
person  not  familiar  with  thaums,  and  these  of  manifold 
kinds  and  sorts.  Moreover,  the  foUowings  gathered  by  this 
old  man,  as  well  as  by  the  short  public  career  of  Christ, 
could  not  be  accounted  for  by  mere  eloquence,  however 
great.  And  surely  it  needed  a  prophet,  in  the  fullest  sense, 
to  teach,  2000  years  before  any  other  European  would  be^ 
lieve,  that  the  earth  is  a  planet,  and  turns  on  its  axis ;  as 
well  as  to  develop  that  psychologic  and  religious  creed,  of 
plural  incarnations  of  the  same  soul  at  long  intervals,  and 
suspension  of  memory  during  each  earthly  life,  but  restora- 
tion after  it,  which,  though  the  creed  for  the  last  twenty 
centuries  of  a  majority  of  our  race,  is  barely  now  penetrating 
Europe :  and  of  which,  by  the  way,  we  may  remark  that  if 
Christians  oppose  it,  they  have  to  make  their  own  Master 
("  whose  goings  forth  have  been  from  of  old,  from  everlast- 
ing "),  a  mendacious  witness,  alike  in  saying  Abraham  had 
seen  his  day  and  rejoiced  to  see  it ;  or  that  Nicodemus  and 
similar  men,  must  be  bom  again  before  they  could  even  see  his 
kingdom ;  or  repeatedly  affirming  his  young  cousin  John  to 
be  Elias,  when  it  is  plain  that  the  son  of  Elizabeth  could 
not  be  Elias  if  there  be  no  **  resurredlion  of  (or  in)  the 
flesh." 

Passing  over  apocryphal  stories,  chronology  brings  us 
next  to  the  Author  of  Christianity  and  his  opponent ;  for  all 
the  accounts  we  have  of  the  most  public  prodigy  —unless 
that  of  feeding  the  5000  were  more  so — and  apparently  the 
first  quite  public  one  wherein  Jesus  figured,  represent  this 
wonder  as  not  his  spontaneous  adl,  if  his  at  all,  but  pro- 
voked, or  rather  wrought,  by  his  adversary,  "  the  devil  "  of 
the  first  and  third  gospels ;  who,  according  to  the  Jewish 
legends,  was  the  same  Judas  who  afterwards  compassed  his 
capture  and  death.  Among  the  six  legends  extant,  four 
coming  to  us  by  tradition  of  his  church,  and  two  by  that  of 
his  enemies,  only  one,  the  gospel  of  John — a  treatise  pro- 
fessedly supplementary  to  others — omits  this  event ;  and 
in  that  very  document,  out  of  three  times  that  Jesus 
mentions  a  AtafioKoQ,  in  the  first  he  refers  simply  to  the  said 
man ;  as  the  writer  himself  informs  us  after  recording  the 
speech,  "  Have  not  I  chosen  you  twelve  ?  and  one  of  you  is 
Aio^oXoc."  In  the  other  gospels  it  is  used  but  thrice  by  Him, 
always  in  parables ;  and  nine  times  by  the  narratorsi  solely 
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in  this  story,  where  it  is  an  alternative  term  for  "  tempter,'* 
though  Mark,  who  gives  no  detail  thereof,  uses  the  Hebrew 
**  Satan,"  and  AiaficXoc  does  not  occur  in  his  gospel.     It  is  a 
word,  then,  used  by  no  narrator  except  in  this  story;  in  this 
by  only  two  of  them  ;  and  elsewhere  by  Jesus  alone,  either 
in  mystical  dodlrine  and  parable,  or,  once  out  of  three,  as  a 
name  for  Judas.     From  the  gospels  alone,  the  only  natural 
conclusion  respefting  this  "  tempter,"  whether  seen  convey- 
ing Jesus  about,   or  with  him   on   "  the   pinnacle   of  the 
temple  "  (necessarily  visible  to  multitudes),  would  seem  to 
be,  that  he  was  some  man  well-known  to  the  multitude ; 
and  this  has  been  the  view  of  those  critics  in  the  present 
age  who,  like  Strauss  and  R6nan,  have  chosen  to  ignore  the 
existence  of  any  other  ancient  materials  on  this  history  than 
are  in  every  child's  hands.    They  hold  that  the  priestly 
party  deputed  some  subtle  Pharisee  to  test  and  expose  the 
new  Prophet's  claims,  and  the  contests  to  which  he  drew 
him,  first  in  the  Jordan  wilderness,  and  aftei'wards  at  the 
capital,  are  what  the  forty  days'  temptation  denote.     Now, 
according  to  the  legend  translated  for  us  by  Luther  and 
Wagenseil,   and  which  was  certainly  current  among  the 
Jews  of  the  fifth  century,*  as  soon  as  news  of  the  movement 
excited  by  the  Galilean  wonder-worker  reached  the  Jeru- 
salem Sanhedrin,  they  consulted,  and  agreed  that  the  miracles 
proved  their  author  to  have  obtained  access  by  magical  arts 
to  the  adytum  of  the  temple,  and  stolen  from  thence  the 
knowledge  of  the  right  utterance  of  the  mightiest  divine 
name,  which  was  well-known  to  be  recorded  on  a  certain 
stone,  and  the  pronouncer  of  which  might  efifedl  any  prodigy 
whatever.     Hence  the  precautions  taken  always  for  its  con- 
cealment, since  David  had  found  this  stonet  at  his  first 
preparing  the  foundations ;  and  there  was  now  danger  of  the 
whole  natioUi  or  even  world,  being  perverted,  by  the  abuse 

•  I  follow  Wagenscirs  translation  in  vol.  ii.  of  his  "  Tela  Ignea  Satan«," 
Altdorf :  1681.  That  this  document  has  undergone  no  essential  change  since 
the  fifth  century  appears  from  its  ending  with  the  story  of  Simeon  Stylites, 
whom  it  confounds  with  Simon  Peter,  and  regards  as  the  highest  authority 
then  among  Christians.  But  the  reverence  of  Christendom  for  this  fakeer 
could  not  continue  such  as  to  convey  this  notion,  even  to  outsiders  like  the 
Jews,  much  longer  than  poor  Simeon's  own  life,  which  ended  in  459.  This 
legend  must  rank  then,  for  date,  with  our  gospels,  no  MS.  of  which  can  be 
traced  with  certainty  above  that  century. 

f  The  stone,  it  is  insisted,  was  untouched  by  tools,  yet  having  **  insculptum 
nomen  Dei  ineffabile."  The  tradition  evidently  grew  from  certain  prophetic 
texts,  especially  Zech.,  iii.,  9 ;  having  some  relation  also  to  Isa.,  xxviii.,  16, 
and  Ps.,  cxviii.,  22,  the  two  verses  most  quoted  (ten  times)  in  the  New  Testa- 
ment. The  idea  of  healings  and  other  wonders  to  be  wrought  by  the  utterance 
of  a  name  or  spell,  was  also  plainly  prevalent  in  New  Testament  times :— Ads, 
iii.,  z6 ;  iv.,  10,  29 ;  v.,  40 ;  and,  especially,  xix.,  13. 
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of  this  tremendous  spell.  The  only  chance  of  remedy  for 
the  awful  calamity,  they  agreed,  was  if  some  orthodox 
rabbi  could,  by  similar  trespass,  obtain  the  same  power,  and 
then  display  it  before  the  increasing  multitudes  now  follow- 
ing the  Nazarene,  to  convince  them  that  such  marvels  were 
no  credentials  for  the  divinity  he  claimed.  At  this  point, 
Judas,  the  hero  of  these  legends,  and  whom  they  place  in  a 
widely  different  social  rank  from  what  the  evangelists  seem 
to  imply,  for  he  is  himself  a  member  of  the  Sanhedrin,  comes 
forward.  He  is  an  expert  magician  (or  what  would  now  be 
called  a  highly-developed  **  physical  medium "),  and  he 
would  undertake  this  patriotic  task,  were  it  not  for  the  sin 
involved.  They  immediately  all  offer  to  relieve  him  of  the 
sin;  for  the  idea  pervades  these  Hebrew  tales,  that  any  guilt 
whatever  can  be  transferred  to  a  voluntary  substitute. 
**  Upon  us  be  all  the  guilt !"  cry  the  whole  council,  if  Judas 
will  but  take  the  trouble,  dangers,  and  glory  of  the  enter- 
prise. The  means  are  then  described  by  which  he  pene- 
trates the  holy-of-holies,  and  gets  out  again,  with  the  magic- 
ally guarded  secret.  He  proceeds  to  the  Galilean  crowd, 
and  repeats  all  the  miracles  of  their  Master,  decidedly  more 
extravagant  as  here  told  than  in  any  of  the  gospels ;  for  each 
of  the  contending  thaumaturgi  invites  the  people  to  bring 
him  cripples  or  invalids  of  any  kind,  and  he  will  heal 
them ;  lepers,  and  he  will  cleanse ;  blind,  and  he  will  give 
them  sight ;  or  corpses,  and  he  will  revive  them.  And  to 
try  the  last,  they  in  each  case  open  an  unknown  tomb,  and 
bring  nothing  but  dry  bones ;  which  have  to  be  endowed 
first  with  flesh  and  then  with  life,  as  in  Ezekiel's  vision. 
The  contest  being  a  drawn  one,  the  rivals  now  repair  to 
erusalem,  where,  almost  in  the  words  of  the  fourth  gospel, 
esus  is  made  to  say :  ''  Nunc  autem  ascendam  ad  Patrem 
ineum  cslestem,  et  sedebo  ad  dextram  ejus ;  idque  oculis 
vestris  intuebimini.  Tu  verd,  Juda,  illuc  non  pertinges* 
Continud  enuntiat  Jesus  Nomen  immensum,  venitque  ventus 
et  eum  stitit  inter  coelum  et  terram.  Nihil  moratus  Juda  et 
ipse  Nomen  eloquitur,  atque  hunc  quoque  ventus  inter 
ccelum  et  terram  suspendit.  Sicque  amboper  a^reas  plagas 
circumvolitabant.  Stupebant  ista  summopere  omnes  in- 
tuentes.  Juda  autem,  prolato  rursills  Nomine,  Jesum  in- 
vadit,  in  terram  ilium  deturbaturus :  atque  sic  invicem 
colludlabantur."  Now  have  we  not  here,  and  in  the  gospel 
accounts  of  the  temptation  on  the  summit  {to  impvytav)  of  the 
Temple,  a  degree  of  coincidence  in  two  opposite  parties' 
traditions,  inexplicable  unless  both  recorded  a  real  event  ? 
In  each,  a  preeminent  adversary  provokes  a  contest  with 
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Jesus,  first  near  the  upper  Jordan  (where  both  make  His 
movement  to  have  commenced)  and  afterward  at  Jerusalem. 
In  each,  this  results  in  levitations  and  atrial  journeys  of 
both  together,  and  they  are  simultaneously  seen  over  the 
Temple.  In  each,  the  adversary's  aim  is  a  precipitation  of 
Jesus  from  a  great  height  into  the  crowds  of  the  holy  city. 
In  each,  he  fails  ;*  and  we  may  add  that,  in  the  only  account 
naming  and  identifying  him,  he  is  the  same  man  who,  in 
the  speech  ascribed  to  Peter  (AcSts,  i.,  i8)  is  stated  to 
have  incurred,  three  years  later,  the  exafl  fate  he  here  plans 
for  his  vidlim ;  and,  further,  that  he  is  the  only  man  to 
whom  is  anywhere  appropriated  the  term  aulPoKoc,  which,  in 
narratives,  is  peculiar  to  the  opponent  who  "  taketh  "  and 
*'  setteth  "  Jesus  in  these  strange  positions.  Surely,  on  the 
whole,  we  must  regard  this  devil  as  a  man — the  tool 
employed  (doubtless  by  the  great  real  Satan)  to  play  a 
similar  part  towards  this  *'  last  man-Adam  "  to  that  borne 
toward  his  and  our  greatest  ancestor,  the  Messiah  of  Eden, 
by  the  villain  **  Ha-nachash,*'  remembered  only  by  the 
name  his  punishment  earned ;  "  the  crawler,"  doomed  on 
his  belly  to  go,  and  dust  to  eat  with  all  his  food,  all  the 
remaining  days  of  that  life.  And  as  the  other  application 
made  of  this  term  aio^Xoc  is  to  that  father  of  Pharisees  and 
"  murderer  from  the  beginning,"  may  we  not  conclude  that 
Jesus,  whose  view  of  resurredlion  was  so  plainly  Pytha- 
gorean, implied  these  two  to  be  incarnations  of  the  very 
same  "  wicked  one ;"  and  probably  Doeg,  against  whom  the 

*  The  above  story,  whose  end  is  untranslatable,  makes  this,  like  all  the 
other  miracle  contests,  a  drawn  one  ;  neither  magician  displaying  any  advan- 
tage, like  Aaron's,  over  the  other ;  and  any  moral  aspedt,  such  as  the  gospels 
give  to  the  struggle,  being  absent,  as  there  is  no  moral  element  in  these 
legends.  In  the  ancient  "  Toldoth  Jeshu  "  quoted,  he  merely  works  wonders,, 
chiefly  of  healing,  and  maintains  that  he  is  not  of  illegitimate  birth,  as  the 
Sanhedrin  insist,  but  is  the  Creator  of  heaven  and  earth,  "  Deus,  et  quidem 
Filius  Dei,**  and  requires  all  to  obey  him  as  such ;  the  crowd  acknowledging 
him  purely  on  the  strength  of  his  miracles.  Hence  a  reader  is  more  reminded 
of  the  fourth  gospel  than  of  the  others,  wherein  such  claims  are  subordinate 
to  moral  parables  and  precepts.  In  this  document,  however,  his  condudfc  has 
no  more  spot  than  in  any  of  them, — Mr.  Voysey  would  say  it  has  les«.  It  is 
far  otherwise  with  the  mediaeval  "Toldoth  Jeshu  Natzri,**  published  by 
Huldrich,  in  which  he  is  made  atrocious,  and  murders  his  father  Joseph. 
Both  documents  agree  with  the  gospels,  against  present  "criticism,**  in 
placing  his  birth  at  Bethlehem.  They  also  startlingly  dissolve  some  of  the 
seemingly  most  incompatible  differences  in  Matthew  and  Luke.  ,  Thus,  they 
both  make  Mary  a  Bethlehemite,  but,  one  of  them,  Joseph  a  Nazarene,  which 
would  most  naturally  reconcile  the  annunciation  stories,  if  Mary  was  at  that 
time  on  a  visit  to  her  future  husband's  town.  Again,  if  Judas  (whom  they 
agree  with  the  fourth  gospel  in  making  a  spy  deputed  by  the  rulers  from  ^the 
first,  always  feigning  discipleship,  merely  to  effed  the  capture  intended  through- 
out) was,  as  they  both  make  him,  a  member  of  the  Sanhedrin,  the  purchase  of 
the  field  Aceldama  might  be  indifferently  called  his  ad  or  that  body's. 
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maledidlory  Psalms  were  uttered,  an  intermediate  birth  of 
the  same  ?  And  if  so,  may  not  the  natural  wishes  for  such 
a  wretched  soul's  amendment,  expressed  by  many  before 
Bums,  have  long  ago  received  some  realisation,  at  least  if 
Matthew's  story  of  his  remorse  and  suicide  be  held  probable ; 
and  an  amelioration  have  commenced,  if  not  earlier,  at  any 
rate  with  those  results  of  his  three  years'  companionship 
with  Him  who  is  declared  to  be  "the  Saviour  of  all  men, 
especially  of  them  that  believe  ?" 

The  Hebrew  accounts  also  present,  immediately  after  this, 
an  equally  close  coincidence  with  the  Christian  ones  on  the 
next  most  public  display  of  miracles,  and  the  only  ones, 
before  his  death,  related  so  as  to  involve  levitation.  Those 
of  one  day  and  night  are  thus  concentrated.  Returning  to 
the  Jordan,  they  say,  he  caused  two  millstones  to  float,  and 
standing  or  sitting  thereon,  he  caught  fish,  and  distributed 
to  his  crowd  of  followers  on  the  banks.  The  later  "Toldoth  " 
has  but  one  millstone,  and  "  the  sea  "  instead  of  the  river. 
Now  the  evangelists  all  place  the  feeding  of  the  five  thousand 
with  fish,  on  a  bank  overlooking  the  Lake  of  Galilee ;  and 
the  miraculous  walking,  on  the  following  night,  upon  the 
same  lake ;  which  is  a  mere  expansion  of  the  Jordan,  but 
is  most  frequently  called  by  them  "the  sea."  Moreover, 
to  avoid  the  crowd's  taking  him  "  by  force,  to  make  him 
a  king,"  they  tell  us,  immediately  before  one  miraculous 
fishing  (Luke,  v.,  3)  he  addressed  from  one  of  two  boats  the 
multitude  on  the  shore.  The  "  millstone "  has  evidently 
come  from  a  figure  used  in  his  own  predidtion  of  the  remorse 
of  his  betrayer ;  and  thus  there  is  not  one  feature  or  word  of 
this  grotesque  medley,  not  traceable  to  a  parallel  in  the  most 
prominent  incidents  of  the  gospels. 

Soon  after  this,  and  the  Baptist's  death,  we  read  of  His 
holding  a  very  private  meeting,  with  only  the  three  most 
developed  of  his  eleven  chosen  disciples,  and  while  he  was 
"  transfigured  "  before  them  (a  phenomenon  lately  paralleled, 
we  are  told,  by  those  who  observe  modem  media),  two  human 
forms  conversed  with  him,  "  which  were  Moses  and  Elias." 
In  the  similar  accounts  now  given  us,  of  the  re -embodiments 
.at  New  York  or  in  London,  a  slight  atmospheric  change 
causes  the  forms  to  announce  that  they  must  disappear, 
and  one  has  complained  of  the  "  density  of  the  air  "  making 
her  embodiment  difiicult.  Now  Jesus  chose  for  the  above 
transfiguration  "  a  high  mountain."  Has  any  reason  for 
this  choice  been  ever  suggested ;  or  for  his  habit  of  ascending 
mountains  to  pray  ? 

For  a  few  weeks  after  his  death,  his  own  form  was  again 
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repeatedly  materialised ;  most  notably,  according  to  Matthew, 
on  "  a  mountain  "  (which  may  probably  be  the  occasion 
when  Paul  says  five  hundred  were  present)  but  otherwise, 
as  we  read,  in  no  wider  circle  than  "  the  eleven ;"  exaftly  as 
the  visitors  to  the  Eddy  family  in  Vermont  now  describe 
their  (the  visitor's)  dead  and  buried  relatives  to  reappear  and 
converse.  Like  these  He  invited  handling,  and  pointed  out 
that  ''  a  spirit  hath  not  flesh'  and  bones  as  ye  perceive  me 
to  have ;"  like  these  He  ate  and  drank ;  and  like  these 
vanished.  Two  of  these  memorable  visits  were  terminated 
by  visible  ascensions  into  heaven* — one  from  Bethany,  in 
the  evening  of  the  first  Easter  Day  (Luke,  xxiv.,  50),  and 
another  from  Mount  Olivet  some  weeks  later  (Afts,  i., 
9-12).  Disappearances  of  such  tangible  forms  by  ascension, 
though  within,  doors,  are  recently  testified  by  Mr.  Robert 
Dale  Owen  and  others. 

As  the  gospels  represent  spirit  possession  to  have  been  a 
most  prevalent  affiidlion  at  that  time,  so  do  they  indicate 
the  levitation  of  the  possessed ;  as  in  English  and  American 
witch  trials,  two  centuries  ago  and  later. — Mark,  ix.,  17-26 
— ^A  demon  that  "  whithersoever  he  took''  (jearaXa/3i|)  his  vi<5lim, 
tore  and  rent  him,  often  also  ''  cast  him  into  the  fire  or  into 
the  water."  Luke,  ix.,  39 — "  Lo,  a  spirit  taketh  him ;" 
42,  "  The  demon  threw  him  down."  The  phrases  are  as 
distin(5l  from  any  used  of  a  lunatic  throwing  himself  down, 
or  injuring  himself  (Mark,  v.,  5)  as  in  the  English  witch 
levitations.  The  phenomenon  was  more  associated  with 
bad  than  good  spirits,  being  only  once  related  of  Christ 
between  his  temptation  and  death ;  and  only  on  Peter's 
request  does  he  grant  to  him  also  to  come  unto  him  on  the 
water.  We  never  again  read  of  it  among  the  wonders 
attending  any  apostle ;  but  one  of  their  first  seven  deacons, 
Philip,  seems  to  have  been  congenitally  a  psychic  excelling 
them  all,  "  for  unclean  spirits,  crying  with  loud  voice,  came 
out  of  many  that  were  possessed"  (viii.,  7),  and,  as  an 
instance  of  hereditary  mediumship,  ''the  same  man  had 
four  daughters,  virgins,  which  did  prophesy  "  (xxi.  8).  He 
accordingly  affords  the  last  Scriptural  case  of  an  sethrobat ; 
for  after  his  baptism  of  the  destined  founder  of  African 

*  In  an  appendix  to  the  "  Boyle  LeAures  "  for  1708,  Whiston  proved  that 
the  scriptural  heaven  of  angels,  and  of  the  just,  can  be  no  other  than  the  upper 
strata  of  our  atmosphere ;  and  that  such  is  the  abode  the  writers  assign  to 
Christ  ever  since  his  first  posthumous  appearance  to  Mary  Magdalen,  saying 
**  Touch  me  not,  for  I  have  not  yet  ascended  to  my  Father."  As  he  appeared 
at  least  twice  more  during  that  day,  and  allowed  himself  to  be  touched,  we 
must  infer  that  he  then  had  ascended ;  and,  in  short,  ascended  as  often  as  he 
vanished. 


1875*]  Human  Levitation,  49 

Christianity  (viii.,  33),  "  the  spirit  of  the  Lord  caught  away 
Philip,  that  the  eunuch  saw  him  no  more,  and  he  went  on 
his  way  rejoicing :  but  Philip  was  found  at  Azotus  ;"  this 
phrase,  instead  of  "  found  himself,"  seeming  to  imply  that 
he  alighted  among  friends,  as  in  most  other  recorded  cases 
of  the  kind. 

Whether  we  read  Christian,  Jewish,  or  Pagan  accounts, 
the  first  Christian  century  abounds  in  thaums  beyond  any 
other.  False  Christs  were  to  arise,  and  to  *'  show  great 
signs  and  wonders."  The  most  typical  instance  of  these 
doubtless  was  Philip^s  original  rival,  Simon  Magus,  the 
mere  beginning  of  whose  career  the  Adls  do  but  touch* 
For  a  whole  generation  he  travelled  and  proclaimed  himself 
both  the  Hebrew  Messiah,  and  an  incarnation  of  each 
people's  chief  deity;  basing  all  his  claims  on  a  series  of 
prodigies  which  no  contemporary,  friend  or  foe,  seems  to 
have  ever  denied.  In  the  "  Recognitions,"  a  work  soon 
after  ascribed  to  Clement,  and  certainly  current  in  the  next 
century,  his  translations  through  the  air  figure  among  these ; 
and  another  Clementine  (or,  as  now  held,  pseudo-Clemen- 
tine) book,  the  "  Apostolic  Canons  or  Constitutions,"  con- 
tains the  professedly  earliest  account  of  his  end  at  Rome, 
by  a  public  display  of  this  faculty,  in  defiance  of  one  or  two 
Christian  apostles ;  at  whose  prayer  that  he  might  fall — but 
not  fatally — he  is  related  to  have  so  fallen  as  to  break  both 
legs,  and  then,  from  shame,  to  have  committed  suicide.  If 
one  of  his  opponents  was  Paul,  and  the  other  unnamed, 
nothing  was  more  natural  than  for  a  dramatic  instindl  to  fix 
on  his  first  rebuker,  Peter,  as  having  thus  re-encountered 
him  ;  and  this  may  have  originated  the  whole  momentous 
legend  that  brings  Peter  to  Rome,  the  first  traces  of  which 
appear  in  the  Patristic  repetitions  of  this  adventure. 

An  equally  attested  aethrobat  of  that  century,  whose  long 
life  was  held  indeed  nearly  to  fill  it,  was  Apollonius  of 
Tyana,  the  most  famous  and  closest  of  all  imitators  of  Py- 
thagoras. His  life,  by  Philostratus,  a  work  of  some  bulk, 
and  written,  Dr.  Newman  says,  with  elegance,  has  the  rare 
advantages  of  being  certainly  drawn  up  within  a  century  of 
his  death,  and  from  all  the  materials  that  a  literary  empress, 
the  wife  of  Severus,  could  colledt ; — the  philosopher's  own 
writings,  a  diary  of  his  favourite  and  constant  companion, 
Damis,  memoirs  by  his  chief  earlier  acquaintance,  and 
the  archives  of  the  numerous  cities  that  had  received  and 
honoured  him.  A  century  later,  this  book  was  made  tha 
basis  of  an  attack  on  Christianity,  answered  by  Eusebius, 
and  now  lost ;   but  there  is  no  evidence  of  Philostratus 
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himself  having  written  with  any  view,  as  Dr.  Newman  says, 
"  of  rivalling "  the  Christian  marvels.  None  of  his  trans- 
lators (including  Berwick,  a  clergyman)  have  believed  they 
detected  any  such  aim,  and  it  seems  clear  that  this  courtly 
professional  bookmaker  could  have  seen  no  documents  of 
the  despised  se6t,  or  some  trace  of  allusion  would  be  found. 
All  his  marvels  imitate,  on  the  contrary,  tales  current  of 
Pythagoras  ;  and  most  are  either  childish,  obje(5lless,  or 
such  as  elude  any  real  test — witch-finding,  communicating 
by  whispers  with  birds  and  animals  ;  when  imprisoned  with 
Damis,  drawing  his  leg  out  of  the  fetter,  and  then  putting 
it  in  again,  &c.  But  there  are  two  that  Dr.'Newman  thinks 
resemble  Scripture  miracles  in  forcing  themselves  into  the 
history  "  as  a  component  part  of  the  narrative  ** — the  first 
being  the  alleged  cause  of  his  acquittal  when  on  trial  before 
Nero  ,for  the  crime  the  latter  had  invented,  of  philosophising 
in  Rome.  His  accuser,  Tigellinus,  coming  to  unroll  the 
bill  of  indidtment,  found  only  a  blank  paper  (which  may 
have  been  a  miracle  or  may  not).  The  other  is  the  latest 
and  most  detailed  point  of  his  whole  public  career.  He 
surrendered  similarly  before  Domitian,  who  had  revived  the 
cdidl  banishing  philosophers  (among  whom  the  apostle 
John  seems  to  have  been  reckoned)  not  only  from  Rome, 
but  from  the  Continent,  The  trial  attracted  great  notice, 
the  grandest  tribunal  being  used,  and  decorated  as  for  a 
festival ;  but  it  ended  sooner  than  was  expedted,  by  the 
emperor  acquitting  him,  only  adding  that  he  must  be  de- 
tained for  a  private  interview  that  he  desired  after  the  day^s 
business.  The  aged  prisoner,  with  thanks,  briefly  declined 
the  honour,  unless  the  emperor  could  detain  both  his  soul  and 
body.  The  former  no  human  power  could  ;  no,  nor,  unless  the 
gods  willed  it,  even  his  body.  He  added  a  line  of  Homer, 
wherein  Apollo  says,  "  you  cannot  put  me  to  death,  for  I 
am  not  liable  thereto ;"  and  on  these  words,  vanished  from 
the  court ;  on  the  same  afternoon  as  suddenly  surprising 
his  friends  Damis  and  Demetrius,  while  talking  of  him  in  a 
grotto  at  Puteoli.  One  other  such  levitation  occurs  many 
years  earlier,  when  at  Smyrna  he  was  crowded  by  sick 
persons,  and  by  deputations-  inviting  him  to  various  cities. 
The  Ephesians  sent  begging  him  to  stay  a  pestilence; 
whereon,  thinks  his  biographer,  he  designed  to  imitate  his 
great  master's  passage  from  Italy  into  Sicily,  for  on  replying 
"  Yes ;  let  us  go  at  once,"  immediately  he  was  at  Ephesus. 
Dr.  Newman,  who  does  not  mention  this  prodigy,  thinks  its 
sequel,  the  staying  of  the  plague,  "  the  best  authenticated 
of  his  professed  miracles,  being  attested  by  the  eredling  of 
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a  statue  to  him  in  consequence."  It  was  also  a  count  in 
his  indidlment  for  magic  before  Domitian.  The  second  and 
last  levitation,  from  Rome  to  Puteoli,  and  its  effedts  in 
court,  are  described  with  much  apparent  truth  to  nature, 
but  Philostratus  goes  into  the  supposed  reasons,  and  a 
panegyric  of  his  hero's  wisdom,  shown  in  the  manner  and 
timing  of  the  marvel.  Now  he  has  to  embody,  as  the  chief 
piece  extant  from  the  hand  of  Apollonius,  a  very  elaborate 
defence  he  had  prepared  for  this  occasion,  and  intended  to 
have  spoken  by  the  waterclock ;  but  not  a  word  of  which 
he  really  delivered,  except  the  above  line  of  Homer,  where- 
with it  was  to  have  ended.  This  glaring  inconsistency 
strikes  of  course  all  commentators,  ^md  poor  Philostratus, 
at  his  wit's  end,  seemingly  despaired  of  glossing  it  over.  It 
is  created,  however,  solely  by  his  gratuitous  assumption  that 
such  thaums  are  the  work  of  their  subjedt.  By  all  parallel 
accounts,  from  the  case  of  Elijah  to  that'of  Mr.  Home,  they 
are  so  independent  of  his  will,  that  we  can  no  more  suppose 
Apollonius  to  have  known  he  was  to  be  caught  away,  than 
do  psychics  of  the  present  day.  The  inconsistency,  then, 
disappears — nay,  comes  to  tell  strongly  in  the  story's  favour. 
On  the  whole,  is  it  not  better  attested  than  any  other  mar- 
vellous one  of  its  age  ?  And  will  any  Christian  consider  it 
less  called  for,  less  opportune,  or  less  worthily  ascribable  to 
the  Supreme  Providence  than  most  of  those  in  his  Testa- 
ment ?  Can  any  say  it  would  have  occurred  to  better 
purpose  at  a  trial  of  St.  Paul  or  St.  John  ?  Supposing  the 
account  accurate,  whatever  intelligence  diredled  the  event 
so  timed  it  as  to  force  on  a  vast  assembly  the  dogma  that  a 
man  is  no  more  liable  to  extindtion  of  being  than  Homer's 
Apollo.  And  this  in  a  world's  capital  where,  for  well-nigh 
two  centuries,  all  belief  in  an  after-life  had,  among  the  most 
educated,  been  extindl.  In  the  senate  of  Caesar's  and 
Cicero's  time,  it  was  treated  as  a  dream  beneath  serious 
notice.  What  could  Christianity  or  any  of  its  teachers  do 
without  this  basis,  which  they  rather  assumed  in  their 
hearers  than  professed  to  prove  ?  Paul  could  but  appeal  to 
his  own  veracity  and  apparent  interests  : — **  If  the  dead  rise 
not,"  we  are  false  witnesses,  or  we  are  *'  of  all  men  most 
miserable."  A  Sadducee  or  a  modern  Comtist  would  reply, 
*'  So  you  are."  And  in  a  society  where  such  negation  was 
held  as  a  **  positivism,"  and  no  fadts  overthrew  it,  what 
change  could  aught  that  we  find  in  the  New  Testament 
have  effedled  ? 

lamblichus,  in  the  next  century  (De  Myst.,  Lib.  III.,  c.  5), 
declared  that  one  of  the  marks  of  obsession  by  spirits  was, 
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for  the  body  "  to  appear  elongated  or  thicker,  or  be  borne 
aloft  in  the  air.*' 

In  the  century  of  the  Church's  triumph,  at  least  one 
Christian  and  one  heathen  case  of  levitated  persons  are 
recorded.  Sozomen  relates  after  Hilarion,  the  founder  of 
monachism  in  Palestine,  that  as  four  of  his  monks,  whom 
he  names,  were  returning  to  their  convent  of  Bethelea,  in 
the  desert  of  Gaza,  the  youngest,  but  most  esteemed,  one 
Malchio,  who  soon  afterwards  left  this  life,  suddenly  vanished 
from  their  midst,  and  later  in  the  journey  reappeared 
{"  Eccl.  Hist.,"  Lib.  VI.,  c.  32).  The  other  case  is  an 
Egyptian  prostitute,  who  came  to  Zosimas,  an  abbot,  to 
beg  his  prayers  and  instrudtion  in  Christianity.  As  she  was 
kneeling  at  his  feet,  he  told  her  to  turn  and  pray  for  herself 
and  others.  This  he  described  her  doing  like  Hannah, 
silently  moving  her  lips: — "Juravit  autem,  sermonis  sui 
testem  appellans  Deum,  quod  animadvertens  longiiis  pro- 
trahi  orationem,  oculos  aliquantum  d  terrd  sustulit,  viditque 
ipsam  orare  in  altum  sublatam,  et  in  agre  suspensam,  velut 
ad  cubitum  unum  ;  quod  ciim  vidit,  majori  correptus  metu, 
multOmque  anxius,  et  omnind  nihil  proloqui  audens,  soldm 
intra  se  dicebat  identidem,  Domine  miserere.  Sic  autem  in 
terrd  jacens,  scandalizari  coepit  senex  cogitando,  ne  fortd 
spiritus  esset  atque  orationem  simularet."  Plainly,  in  the 
days  of  the  British  Solomon  and  the  Novum  Organon,  this 
poor  woman  would,  on  any  British  ground,  have  made  ac- 
quaintance with  the  halter  or  the  stake.  But  Zosimas,  after 
due  probation,  baptised  her ;  and  after  the  life  of  an  exem- 
plary nun,  she  became  revered  to  this  day  as  St.  Mary 
iEgyptiaca ;  though  nothing  approaching  miracle  seems  to 
have  been  ascribed  to  her  as  a  Christian,  or  after  this  first 
interview  (**  Adla  Sanftorum  Aprilis,"  Vol.  I.,  p.  79).  Ec- 
clesiastical miracles  in  general  follow  a  distribution  quite 
opposite  to  that  of  these  phenomena.  The  darker  and  less 
historical  the  age,  the  mDre  miracles,  but  the  fewer  of  these 
phenomena.  The  testimonies  to  these,  absent  so  far  as  we 
see  in  the  ages  from  the  fourth  century  to  the  ninth,  increase 
in  number,  respedlability,  and  accuracy,  from  the  latter  to 
the  present  day.  Till  the  last  two  centuries,  indeed,  all 
persons  known  m  Christendom  to  be  subjedts  of  levitation 
were  probably  either  burnt  or  canonised,  according  to  the 
ruling  clerical  view  of  their  orthodoxy  or  the  reverse.  The 
following  is  an  attempt  to  colledt  some  of  the  chief  examples 
not  condemned,  with  the  volume  and  page  of  the  Bol- 
landists'  "  Afta  "  where  particulars  may  be  found  : — 
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Forty  Levitated  Persons^  Canonised  or  Beatified. 

Name,  Coantiy,  and  Condition.  Date  of  Life.  A6la  Sanft.  Vol.  Paf  es. 

Andrew  Salus,  Scythian  Slave    . .  880—  946  May  VI.  i6* 

Luke  of  Soterium,  Greek  Monk  .«.  890—  946  Feb.  II*  85 

Stephen  I.,  King  of  Hungary      . .  978 — 1038  Sept.  I.  541 

Ladislaus  I.,  Ditto  (his  grandson)  1041 — 1096  June  V.  318 

Christina,  Flemish  Nun       ..     ..  1150 — 1220  July  V.  656 

St.    Dominic,    Italian     Preacher  1170 — 1221  Aug.  I.  405, 573 

Lutgard,  Belgian  Nun 1182— 1246  June  III.  238 

Agnes  of  Bohemia,  Princess       . .  1205 — 1281  March  I.  522 

Humiliana  of  Florence,  Widow  . .  1219 — 1246  May  IV.  396 

Jutta,  Prussian  Widow  Hermit  . .  1215— 1264  May  VII.  606 

St.  Bonaventure,  Italian  Cardinal  1221 — 1274  July  III.  827 

St.  Thomas  Aquinas,  Italian  Friar  1227 — 1274  March  I.  ,  670-1 

Ambrose  Sansedonius,  Itln.  Priest  1220—1287  March  III.  192 

Peter  Armengol,  Spanish  Priest..  1238— 1304  Sept.  I.  334 

St.  Albert,  Sicilian  Priest    . .     . .  1240—1306  Aug.  II.  236 

Princess  Margaret  of  Hungary  ..  1242 — 1270  Jan.  II.  904 

Robert  of  Salentum,  Italian  Abbot  1273 — 1341  July  IV.  503 

AgnesofMt.Politian,  Itln.  Abbess  1274 — 13x7  April  II.  794 

Bartholus  of  Vado,  Italian  Hermit  1300  June  II.  1007 

Princess  Elizabeth  of  Hungary  , .  1297 — '33^  ^^X  ^^-  '^^ 

Catharine  Columbina,  Sp.  Abbess  1387  July  Vfl.  352 

St.  Vincent  Ferrer,  Sp.  Missionary  1359 — 1419  April  I.  497 

Coleta  of  Ghent,  Flemish  Abbess  1381 — 1447  March  I.  559,  576 

Jeremy  of  Panormo,  Sicilian  Friar  1381 — 1452  March  I.  297 

St.  Antonine,  Archbp.  of  Florence  1389 — 1459  May  I.  335 

St. Francis  of  Paola,  Missionary..  1440 — 1507  April  I.  117 

Osanna  of  Mantua,  Italian  Nun..  X450— 1505  June  III.  703,705 

BartholomewofAnghiera,  Friar..  1510  March  II.  665 

Columba  of  Rieti,  Italian  Nun    . .  1468 — 1501  May  V.  332*-4*,  360* 

Thomas,  Archbishop  of  Valencia..  1487 — 1555  Sept.  V.  832,  969 

St.  Ignatius   Loyola,  Sp.  Soldier  1491 — 1556  July  VII.  432 

Peter  of  Alcantara,  Spanish  Friar  1499 — 1562  Od.  VIII.  672,  673,  678 

St.  Philip  Neri,  Italian  Friar      ..  1515 — 1595  May  VI.  590 

Salvator  de  Horta,  Spanish  Friar  1520 — 1567  March  II.  679-80 

St.  Luis  Bertrand,  Sp.  Missionary  1526 — 1581  06t.  V.  407,  483 

St.  Theresa,  Spanish  Abbess       ..  15 15 — 1582  Od.  VII.  399 

John  a  Cruce,  Spanish  Priest      . .  1542— 1591  Od.  VII.  239 

J.  B.  Piscator,  Roman  Professor..  1586  June  IV.  976 

Joseph  of  Cupertino,  Italian  Friar  1603 — 1663  Sept.  V.  1020-2 

Bonaventure  of  Potenza,  Itln.  Friar  1651 — 171 1  Od.  XII.  X54>  157-9 

As  the  lives  of  all  these  are  pretty  fully  recorded,  we 
have  the  means  of  drawing  several  generalisations.  It  is 
plain  that  all  displayed  the  qualities  most  distindtive  of  the 
present  "  spirit-mediums,"  and  many  were  accompanied  from 
childhood  by  some  of  the  same  phenomena,  though  I  find 
nothing  resembling  the  "  raps."  The  hereditary  nature  of 
their  gifts  is  shown  by  the  Hungarian  royal  family  pro- 
ducing five  examples ;  and  it  is  also  notable,  on  this  head, 
that  out  of  forty  there  should  not  be  one  of  British  or  French 
birth,  although  some  of  the  most  remarkable  spent  much  of 
their  lives  in  Prance,  and  all  other  Christian  races  seem 
represented.  A  feature  absolutely  common  to  the  whole 
forty  is  great  asceticism.     Only  four  married,  and  all  were 
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in  the  habit  of  extreme  fasting,  "  macerating  "  their  bodies 
either  with  hair  shirts  or  various  irons  under  their  clothes, 
and  many  of  submitting  to  bloody  flagellations.  Again,  all, 
without  exception,  were  ghost-seeFS,  or  second-sighted ;  and 
all  subjedl  to  trances,  either  with  loss  of  consciousness  only, 
or  of  motion  and  flexibility  too,  in  which  case  they  were 
often  supposed  dead ;  aifd  the  last  in  our  list,  after  lying  in 
state  three  days,  and  being  barbarously  mutilated  by  his 
worshippers,  for  relics,  was  unquestionably  finally  buried 
alive.*  Many  were  levitated  only  in  these  unconscious 
states ;  others,  as  Joseph  of  Cupertino  (the  greatest  aethrobat 
in  all  history),  both  in  the  trance  and  ordinary  state,  and 
(like  Mr.  Home)  most  frequently  in  the  latter;  while  a  very 
few,  as  Theresa,  seem  to  have  been  always  conscious 
when  in  the  air.  Several  were,  in  certain  states,  fire- 
handlers,  like  Mr.  Home.  The  Princess  Margaret  was  so 
from  the  age  of  ten.  Many  had  what  was  called  the  "  gift 
of  tongues,"  that  is,  were  caused  (doubtless  in  an  obsessed 
state)  to  address  audiences  of  whose  language  they  were 
ignorant.  Thus  the  Spaniard,  Vincent  Ferrer,  is  said  to 
have  learnt  no  language  but  his  own,  though  he  gathered 
great  audiences  in  France,  Germany,  England,  and  Ireland. 
Conne<5led  with  this,  we  should  note  how  general  a  quality 
of  these  persons  was  eloquence.  All  the  men  (unless  the 
two  kings),  and  most  of  the  women,  were  great  preachers, 
though  few  wrote  anything,  except  Bonaventure  and  Thomas 
in  the  thirteenth  century,  and  Theresa  in  the  sixteenth, 
who  were  the  greatest  Catholic  writers  of  their  ages.  It  is 
also  very  notable  that  the  list  contains  the  founders  of  six 
religious  orders — the  first  special  preaching  order,  Domi- 
nicans, the  Jesuate  Nuns,  Minim  Friars,  Jesuits,  Carmelite 
Nuns,  and  Oratorians ;  and  all  of  these,  except  the  second, 
great  and  durable  . 

The  great  majority  of  them,  though  often  seen  suspended, 
were  at  heights  from  the  ground  described  only  as  "  a  palm" 
half  a  cubit,  a  cubit,  and  thence  up  to  five  or  six  cubits,  or, 
in  a  few  cases,  ells.  But  the  Princess  Agnes  and  the  Abbess 
Coleta  were,  like  Elijah,  carried  out  of  sight,  or  into  the 
clouds ;  and  Peter  of  Alcantara  and  Joseph  of  Cupertino  to 
the  ceilings  of  lofty  buildings.  The  times  that  these  and 
others  were  watched  off  the  ground  often  exceeded  an  hour ; 
and  the  Archbishop  of  Valencia  (1555)  was  suspended'  in  a 
trance  twelve  hours,  so  that  not  only  all  the  inmates  of  his 

*  This  appalling  story  of  insane  superstition,  to  be  paralleled  probably  among 
no  non-Catholic  people  on  earth,  will  be  found  in  *'  Ada  Sandorum  Odobris/* 
Vol.  XII.,  p.  158-60.  • 
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palace,  and  clergy,  but ''innumerable"  lay  citizens,  went  to  see 
the  marvel.  On  recovery,  with  the  missal  he  had  been 
reading  in  his  hand,  he  merely  remarked  he  had  lost  the 
place-*  In  this  and  all  cases  the  subjedls  were  either  praying 
at  the  time,  or  speaking  or  listening  to  a  particular  religious 
topic  that,  in  each  case,  is  recorded  to  have  generally 
affedted  that  person  either  with  trance  or  levitation.  We 
have  seen  that  Apollonius  vanished  on  declaiming  his 
favourite  verse  of  Homer.  So  the  topic  of  the  Incarnation 
would  cause  Peter  of  Alcantara  to  utter  a  frightful  cry,  aad 
shoot  through  the  air  "ut'sclopeto  emissus  videretur  ;** 
that  of  Mary's  birth  would  have  a  like  effedt  on  Joseph  of 
Cupertino ;  and  Theresa,  after  obtaining  by  prayer  the  ces- 
sation of  her  early  levitations,  was  yet  obliged  to  avoid 
hearing  John  i  Cruce  on  the  Trinity,  finding  that  this  topic 
would  cause  both  him  and  her  to  be  raised  with  their  chairs 
from  the  floor,  A  contemporary  painting  of  them  in  this 
position,  beside  the  grating  where  it  occurred,  has  been  en- 
graved in  the  volume  above  cited.  Joseph  of  Cupertino,  on 
entering  any  church  having  a  Madonna  or  his  patron,  St. 
Francis,  as  an  altarpiece,  would  be  borne  straight  thereto, 
crying,  "  My  dear  mother!"  or  "My  father!"  and  remain 
with  his  arms  and  robe  so  among  the  candles  as  to  alarm 
all  with  the  danger  of  his  catching  fire ;  but  always  flying 
back  to  the  spot  whence  he  had  risen.  Others  were  raised 
up  to  images  or  pidlures,  as  the  Abbess  Agnes  in  early  girl- 
hood, often  before  a  crucifix,  "in  tantum  eam  arripuit  amor 
Sponsi  sui,qu6d  relidld  terrd  tam  alte  fuit  corpus  suum  puris- 
simum  sublevatum  in  acre,  qudd  ipsi  imagini,  supra  altare  in 
eminenti  loco  positae,  se  pari  situ  conjunxit;  ubi  osculans  et 
amplexans,  visa  est  super  Diledlum  suum  innixa." 

Of  invisible  transfers  to  a  distance,  the  only  subjedts  seem 
to  have  been  Columba  of  Rieti,  said  to  have  been  carried 
from  her  mother's  house  in  that  town  to  the  nunnery  that  after- 
wards received  her,  at  Spoleto,  twenty  miles  distant ;  and 
the  river  transits  of  Peter  of  Alcantara.  The  lives  of  Joseph 
of  Cupertino,  indeed,  allege  that  the  rare  miracle  of  "  gemi- 
natio  corporis,"  or  bodily  presence  in  two  distant  places  the 
same  day,  was  twice  vouchsafed  to  him  while  dwelling  at 

*  This  prelate,  the  annual  income  of  whose  see  was  18,000  ducats,  had  no 
sooner  settled  in  his  palace  than  he  got  rid  of  all  luxurious  furniture,  and  made 
it  a  hospital  or  poor-house ;  himself  often  sleeping  on  straw,  if  beds  ran  short 
for  the  paupers.  Charles  V.  had  named  anotlier  person  for  this  see,  but  the 
secretary  to  whom  he  was  di&atmg  mistook  the  name,  and,  taking  another 
paper,  said,  **  I  imagined  your  Majesty  to  have  said  Thomas  of  Villanova>  but 
the  error  will  soon  ht  redified."  The  emperor  said,  **  By  no  means :  the  mis- 
take was  providential ;  let  it  sts^id.** 
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Rpme — once  to  assist  at  the  death-bed  of  a  named  old  man 
of  his  native  village,  whom  he  had  promised  to  attend  if 
possible;  and  again  at  the  death  of  his  mother.  It  is  also  related 
of  the  great  Spanish  sethrobat  that,  while  the  business  of  a 
jubilee  detained  him  at  Madrid  (1556-9),  a  lady,  Elvira  de 
Caravajal,  in  Estremadura,  declared  her  resolve  to  have  no 
other  confessor  till  Father  Peter  might  be  within  reach  ;  and 
the  same  day  he  presented  himself  in  her  castle,  announcing 
that  he  had  been  brought  expressly  from  Madrid,  and  that 
she  ought  not  to  choose  confessors  so  distant.  There  is 
doubtless  plenty  of  exaggeration,  and  many  stories  of  this 
kind  must  be  apocryphal,  but  the  notable  fa6l  is  that  they 
are  told  only  of  the  same  persons  as  the  fully-attested 
levitations  and  other  phenomena  parallel  to  the  modern  so- 
called  spiritism. 

The  river  transits  of  Peter  of  Alcantara  have  all  the  testi- 
mony we  could  expeft  for  events  of  a  past  century,  in  that 
of  the  witnesses  examined  at  his  canonisation.  Coming, 
during  a  Hood,  to  a  ferry  on  the  Tagus,  called  Alconete, 
where  it  receives  the  tributary  Almonte,  he  could  not 
persuade  the  ferryman  to  risk  the  passage  ;  as  night  came 
on,  and  he  was  due  and  urgently  expe(5ted  on  the  other  side, 
he  prayed  for  some  means  of  transit;  when  he  suddenly 
found  himself  at  the  door  of  another  ferry-house  on  that 
bank  for  which  he  was  bound.  Under  perfectly  similar  cir- 
cumstances, he  was  similarly  helped  at  a  ferry  on  the  Douro 
called  Buycillo.  Again  having  to  cross  the  Tagus,  from 
Portezuelo,  where  he  left  a  companion  exhausted,  to  reach 
a  convent  that  expedled  him,  at  Garrovillas,  he  could  by 
no  cries  arouse  the  sleeping  boatman,  whose  house  was 
beyond  the  river.  While  praying,  he  found  himself  before  a 
house  unknown  to  him,  with  the  river  beyond  it ;  and,  seeing 
lights,  he  besought  the  inmates  to  tell  him  if  he  could  any- 
wise be  put  across,  as  he  was  expedted  at  Garrovillas.  They 
asked  what  the  reverend  Father  meant :  was  he  not  just 
come  from  thence  ?  No,  he  had  come  from  Portezuelo. 
They  assured  him  he  must  be  dreaming :  that  nobody  could 
come  thence  without  crossing  the  river.  The  miracle  was 
at  length  perceived,  and  thanks  rendered.  After  this,  we 
find  him  arriving  with  a  companion,  at  a  place  where  the 
swollen  Guadiana  had  to  be  crossed,  and  the  ferryman  would 
not  venture.  The  above  experiences  had  given  him  faith  to 
do  what  ?  Pray  for  a  repetition  of  them  ?  No ;  such  a 
prayer  is  at  no  time  ascribed  to  him,  but  condudt  both  more 
humble  and  more  scriptural.  Ordering  his  companion  to 
tuck  up  his  robe,  and  follow  his  footsteps,  he  leads  on,  like 
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his  namesake  of  old  upon  the  lake  of  Galilee,  or  the  two 
prophets,  or  Joshua's  priests  long  before ;  and  in  the  sight 
of  the  ferryman,  and  many  others  on  each  bank,  both  walk 
across,  wetted  "  hardly  above  the  feet,"*  though  all  knew 
the  river  to  be,  when  lowest,  never  fordable  at  this  place, 
and  it  was  now  in  a  high  flood. 

As  bearing  on  the  dark  seance  question,  it  may  be  re- 
marked that  each  of  these  four  passages  was  after  sunset, 
though  none,  like  that  in  the  gospels,  after  midnight. 
Again,  Christians  who  may  be  inclined  to  suppose  their 
Master's  works  of  any  kind  necessarily  unequalled,  must 
be  reminded  that  if  so,  they  make  him  to  have  prophesied 
falsely  in  John,  xiv.,  12. 

A  singular  feature  alleged  of  Mr.  Home,  and  of  levitated 
inanimate  objedls,  occasionally  has  been  their  rapid  gyratory 
movement.  Precisely  the  same  is  recorded  of  an  early 
mediaeval  case,  the  Flemish  nun,  Christina,  who  was  liable, 
when  conversing  on  the  Lord,  to  be  caught  from  her  sisters 
and  spun  like  a  top  ;t  and  the  same  occurred  in  some  of  the 
trances  into  which  similar  conversations  would  throw  Peter 
of  Alcantara.  Instead  of  rising  to  the  level  of  the  tops  of 
trees,  or  being  shot  into  the  church  as  from  a  bow,  he  was 
sometimes  hurried  with  a  speed  **as  that  of  the  wind" 
(though  old  and  infirm),  and  without  touching  the  ground, 
through  various  passages,  to  either  his  cell  or  the  church, 
where  he  would  then  remain  for  hours  insensible.  Once, 
on  hearing  the  words  In  principio  erat  Verbum,  Sec,  chanted, 
he  thus  rolled  away  like  a  wheel,  but  raised  a  cubit  from 
the  ground.! 

•  The  expression  •*  dry  shod  "  in  the  Old  Testament,  may  very  probably, 
even  in  the  Hebrew,  and  still  more  so  in  the  lost  tongue  whence  Samuel 
translated  it,  have  meant  only  with  dry  body  garments. 

f  **  Cum  ipsis  aliquando  sedendo  loqueretur  de  Christo,  subito  et  inopinat^ 
rapiebatur  k  spiritu,  corpusque  ejus  velut  trochum  ludentum  puerorum  in 
vertiginem  rotabatur,  ita  quod  ex  nimia  vehementia  vertiginis  nulla  in  corpore 
ejus  membrorum  forma  discern!  posset." 

X  "  Accensus  spiritu  genua  et  caput  inBedtens,  implexusque  tanquam  rota 
volatu  celerrimo  ad  portam  conventus,  indeque  per  alias  portas  sine  uWSi 
Issione  ferebatur,  ultra  cubitum  a  terra  elevatus  ;  usquedum  coram  SSS.  Sa- 
cramento in  ecclesi&,  in  altissimel,  extasi  raptus  substitisset."  It  should  be 
remarked  that    the   grace  of  "maceration  bestowed  on  this  saint,  and  the 

f physical  toughness  implied,  were  perhaps  unequalled.  His  nightly  sleep  was 
ess  than  two  hours,  with  the  forehead  leaning  against  a  wooden  rest,  his  cell 
being,  to  prevent  any  posture  but  kneeling,  planned  two  feet  by  four,  and  too 
low  to  admit  of  rising.  For  forty-six  years  he  went  in  all  weathers  bare- 
headed and  without  sandals ;  and  after  washing  his  clothes,  would  wear  them 
dripping  wet.  Before  his  daily  flogging,  he  thought  it  necessary  in  winter  to 
make  the  skin  more  sensitive  by  exposure  to  the  frosty  air.  He  ate  usually 
but  once  in  three  days,  and  sometimes  fasted  for  eight ;  and  so  admirable,  said 
St.  Theresa  (who  preserved  these  particulars),  was  the  attenuation  of  his  body 
and  limbs,  that  they  resembled  a  bundle  of  roots. 

VOL.  V.  (N.S.)  I 
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Another  modem  phenomenon  often  remarked  is  the  rising 
of  a  group  of  bodies,  animate  or  not,  preserving  their  mutual 
contadl  and  relations  though  loose.  This  was  equally  noted 
centuries  ago,  not  only  of  Juan  de  la  Cruz  and  Theresa  with 
their  chairs,  but  of  all  who  were  levitated  in  a  kneeling 
posture,  the  loose  robes  adhering  as  if  still  pressed  by  the  floor. 
It  was  especially  so  described  in  the  case  of  Philip  Neri, 
whose  levitations,  sometimes  to  three  or  four  ells,  were 
chiefly  witnessed  as  he  knelt  at  the  rails  of  the  great  altar 
in  St.  Peter's  (the  present  building,  though  then  unfinished). 
Paintings  constantly  represent  this  phenomenon  then  with 
good  reason. 

Though  in  all  the  cases  since  1500  the  adls  of  canonisation 
record  plenty  of  named  witnesses  who  swore  to  these  occur- 
rences, none  are  so  superabundantly  attested  as  the  innu- 
merable flights  of  Joseph  Desa,  known,  like  most  Italian 
ecclesiastics,  only  by  the  name  of  his  native  place,  Copertino. 
Nor  have  the  miracles  of  any  other,  that  we  know,  effected 
anything  so  important  as  the  Romanising  of  a  Protestant 
sovereign.  This  friar  was  of  very  low  birth,  a  tailor's  son, 
and  driven,  apparently  by  harsh  treatment  from  his  mother, 
to  seek  the  most  menial  positions  in  various  convents  from 
the  age  of  seventeen.  He  was  all  his  life  liable  to  periods 
of  extreme  religious  melancholy,  and,  when  not  in  these,  to 
trances  and  fits  of  various  kinds.  After  monastic  vows,  he 
became  a  priest  and  preacher,  and  more  and  more  gifted 
with  miracles  of  healing,  till,  at  the  age  of  thirty-three,  these 
brought  him  into  trouble  with  the  Inquisition,  and  he  was 
cited  first  to  Naples  and  thence  to  Rome,  to  clear  himself 
from  the  imputation  of  starting  some  new  heresy.*  His 
orthodoxy,  however,  was  established,  and  the  general  of  his 
order  introduced  him  to  several  cardinals,  and  to  the  Pope, 
Urban  VIII.,  on  approaching  whom,  to  kiss  his  toe,  Joseph's 
reverence  to  Christ,  whose  majesty  he  held  the  pontiff  to 
represent,  caused  him  not  only  to  fall  into  a  trance,  but  to 
be  raised  from  the  floor,  and  suspended,  to  the  astonishment 
of  all,  until  his  superior  ordered  him  otherwise.  The  Pope, 
highly  astonished,  obser\'ed  that  if  Joseph  died  in  his  ponti- 
ficate, he  would  himself  be  able  to  give  testimony  of  this 
marvel.  He  was  sent. to  the  monastery  of  his  order's 
founder,  Francis  of  Assisi ;  and  from  thence  the  fame  of 
similar  wonders  spread,  till,  in  1650,  occurred  their  most 
important  result*    Prince  John- Frederick  of  Brunswick,  aged 

*  **  AccQsatloiiis  h«c  tomma  fuit ;  Discurrere  per  eis  pnmndas  homiiieai 
Irigiiiu  irium  aniKininit  et  huiic  alteram  Messiam  totos  vicoa  post  se  trahere 
cum  pvodifiia  ad  singuloa  paaaiia>  celebratis  a  plebe,  qoc  omnia  credit.** 
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25,  who  was  heir.to  either  that  Protestant  state  or  Hanover, 
whichever  might  first  fall  vacant,  and  who  afterward  suc- 
ceeded to  both,  was  now  on  an  European  tour.  Having  heard 
of  the  wonderful  monk  of  Assisi,  his  curiosity  led  him  from 
Rome  to  visit  that  place.  With  two  counts,  a  Catholic  and  a 
Lutheran,  he  arrived  there  on  a  Saturday,  begging  one  inter- 
view with  Friar  Joseph,  and  intending  to  depart  the  same 
day.  The  superior,  who  had  been  warned  of  the  arrival, 
and  well  instrudled  how  to  a(5l,  lodged  them,  and  prevented 
any  sight  of  Joseph  till  the  next  day,  when  they  were  intro- 
duced by  a  secret  door  into  the  chapel  where  he,  uninformed 
that  any  stranger  was  present,  had  to  perform  mass.  As 
had  been  expedled,  an  impressive  part  of  the  service  over- 
came the  speaker,  he  became  unconscious,  and,  as  frequently 
happened  in  these  trances,  rose  and  floated  some  time  in 
the  air.  Questioned  afterwards  by  the  superior,  but  still 
unaware  that  strangers  were  listening,  he  could  only  tell 
that  he  had  fainted ;  that  before  the  swoon  he  had  been 
trying  in  vain  to  break  the  holy  wafer ;  that  afterwards  he 
broke  it,  but  with  difficulty ;  and  that  this  preternatural 
hardness,  he  had  no  doubt,  indicated  some  hard-hearted 
heretic  to  have  been  present,  for  whose  conquest  let  them 
all  pray.  The  prince's  curiosity,  growing  with  what  he  had 
seen,  kept  him  there  another  day.  On  Monday,  Joseph, 
while  elevating  the  host,  again  swooned,  and  was  seen  to 
rise  following  it,  and  remained  suspended  with  his  knees 
and  feet  one  palm  (or  by  another  account  a  foot)  from  the 
floor ;  while  the  clear  face  of  the  wafer,  visible  throughout 
so  small  a  chapel,  became  marked  with  a  cross  of  jet-black 
— in  short,  as  clear  a  case  of  what  is  now  called  **  diredt 
spirit-drawing  "  as  Mr.  Dale  Owen  has  ever  described.  The 
friar,  in  an  insensible  state,  yet  holding  up  the  monstrance 
over  his  head,  hung  immovable  in  the  air  an  eighth  part  of 
an  hour.  The  Lutheran  count  said,  **  It  was  a  cursed  day  that 
I  came  into  Italy.  At  home  I  always  enjoyed  a  quiet  mind  ; 
but  in  this  countiy,  puzzles  about  faith  and  conscience  keep 
pursuing  me.'*  The  prince  sought  more  interviews  with 
Joseph,  and  before  a  third  day  had  elapsed,  he  had  solemnly 
promised  to  believe  **  all  that  the  Catholic  Church  believes," 
and  as  soon  as  he  could  satisfactorily  dispose  matters  in  his 
states  to  that  end,  to  return  and  be  formally  received ; 
which  accordingly  he  fulfilled  in  about  a  year,  at  the  same 
place,  on  his  knees,  before  two  cardinals  and  Friar  Joseph. 

After  this  the  friar  had  to  be  removed  successively  to 
more  and  more  secluded  mountain  convents,  to  avoid  the 
excessive  crowding  of  people  to  Assisi,  and  wherever  he 
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performed  mass,  which  at  length  he  was  forbidden  to  do 
publicly.  His  atrial  flights,  and  more  frequent  trances,  to 
which  he  had  been  subject  from  the  age  of  eight,  continued, 
the  former  to  his  last  year,  and  the  latter  to  his  last  day,  in 
1663,  at  Osima.  Four  biographers  soon  published  memoirs 
of  him,  one  at  least  during  the  life  and  with  the  approbation 
of  Prince  John's  widow,*  a  Bavarian  princess  whom  he 
married  in  1668,  after  becoming  Duke  of  Hanover. 

With  the  unfortunate  Bonaventure  of  Potenza,  buried 
alive  by  his  devotees  in  171 1,  seems  to  have  ended  the  series 
of  saints  (and  such  they  undoubtedly  were)  in  whom  this 
phenomenon  of  levity  was  inseparable  from  their  devotions ; 
and  about  the  same  time  we  disposed  of  our  last  witch — 
Protestantism,  though  finding  no  saints  to  canonise,  having, 
through  its  first  two  centuries,  thousands  of  witches  to  burn. 
And  this  must  never  be  left  out  of  account  as  bearing  on  the 
present  rarity  of  these  phenomena.  They  are  rarer  than  in 
any  century  before  the  last,  because  hereditary  psychics  are 
rarer ;  necessarily  after  so  persistent  an  attempt  at  their  ex- 
termination. The  mother  of  the  Eddy  family  is  said  to  be 
great-granddaughter  of  one  of  those  condemned  in  girlhood 
at  Salem,  in  Massachusetts,  but  who  broke  prison.  We  may 
conceive  the  artificial  clearing  of  our  race  from  psychics  to 
be  as  possible  as  was  the  clearing  the  vertebrate  kingdom  of 
the  dodo  ;  and  if — as  might  have  happened  by  a  few  Biblical 
words  being  slightly  better  translated — our  ancestors,  two 
centuries  back,  had  killed  fewer  of  them  by  30,000,  would 
there  not  naturally  be  now  several  times  30,000  more  of 
them  in  the  world  than  at  present  ? 

It  should  be  noted,  respecting  the  Prince  of  Brunswick, 
that  whatever  power  or  intelligence  superintended  those 
miracles,  that  power  showed  great  ignorance  of  the  future. 
At  the  time,  indeed,  no  conversion  could  seem  more  impor- 
tant to  the  interests  of  Catholicism  than  that  of  this  young 
German  sovereign,  but  eventually  it  appeared  that  any  other 
ruler  would  have  had  more  permanent  influence.  In  faft, 
all  public  efledt  of  his  pious  dispositions  absolutely  ended 
with  his  life  in  twenty-nine  years.     Though  he  lived  till 

*  **  The  biographers  were  Nutius,  Agellus,  Pastrovicchi,  and  Bernino.  Late 
editions  of  the  two  latter  are  in  the  British  Museum,  and  have  frontispieces  in 
each  of  which  Joseph  hovers  in  the  air,  in  one  before  the  top  of  a  tall  calvary ; 
in  the  other  borne  forward  fifty  paces  at  sight  of  the  church  of  Loretto.  Paa- 
trovicchi  says,  in  page  87  of  this  edition : — "  Attesta  la  Serenissima  di 
Bninswik  ancor  viva  mentre  questo  Libro  scriviamo,  qualmente  in  quella 
Corte  a  tempo  del  Duca  Gio  :  Frederico  suo  Marito,  Non  ci  faceva  oltro,  chs 
Parian  del  servo  di  Dio,  Padre  Fra  Guiseppe  da  Copertino,  al  quale  egli  con* 
servava  una  teneriaima  divoMtons,  e  tie  aveva  VEffigte"  &c. 
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1679,  and  had  four  daughters,  all  his  states  of  Brunswick, 
Hanover,  Calemberg,  and  Grubenhagen,  passed,  for  want  of  a 
son,  to  his  Protestant  brother,  Ernest  Augustus,  father  of 
George  I.  Plainly,  then,  if  the  power  dire<5ting  the  Assisi 
miracles  could  have  looked  forward  but  a  few  years,  not  this 
heir-apparent,  but  his  younger  brother,  also  on  his  travels, 
and  of  similar  education  and  disposition,  would  have  been 
chosen.  His  conversion,  though  not  then  looking  so  impor- 
tant, would,  in  all  present  probability,  have  recovered  to 
Rome  by  this  time  great  part  of  Germany.  What  dynasty 
England  might  have  chosen  is  of  course  impossible  to  guess ; 
but  his  posterity  would  not,  by  being  Catholics,  have  been 
excluded  from  any  of  the  continental  thrones  they  have 
actually  filled. 

The  conclusion  we  draw  is,  that  the  very  common  notion 
of  our  having,  or  philosophers  having,  divided  all  describable 
events  into  the  "  naturally  possible  "  and  "  naturally  impos- 
sible," and  assuming  to  have  fixed  this  limit,  can 
lead  to  nothing  but  priestcraft  and  superstition.  Unless  our 
calling  things  "impossible  "  could  prevent  their  happening, 
it  only  gives  them  prestige  whenever  and  wherever  they  may 
happen.  Prince  John  of  Brunswick  was  probably  brought 
up  to  hold  very  nearly  these  most  falsely-called  "  positivist  '* 
ideas — and  we  see  the  natural  result.  The  more  impossible 
or  preternatural  a  Faraday  or  Comte  can  persuade  us  to 
consider  any  feat,  the  more  helplessly  will  its  occurrence 
hand  us  over  to  whatever  body  of  men  or  other  beings  can  at 
all  manipulate  that  feat. 


IV.   THE    BOUNDARY    BETWEEN     MAN    AND 

THE    LOWER    ANIMALS. 

lAKE  any  man  of  fair  average  understanding,  whether 
educated  or  not ;  set  him  to  arrange  a  crowd  of  things 
whatsoever,  capable  of  classification ;  the  probability 
is  that,  except  specially  trained  in  the  study  of  the  natural 
sciences,  he  will  group  them  under  two  heads.  These  two 
classes  he  will  take  to  be  not  alone  mutually  exclusive,  but 
utterly  antagonistic.  He  will  assume  them  to  be  separated  by 
a  "  hard  and  fast "  landmark.  We  may  tell  him,  if  we  think 
proper,  that  Nature — pardon  the  personification— does  little 
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persaltum.  We  may  take  his  two  classes,  A  and  B,  and  show 
him  how  the  one  fades  into  the  other,  not  by  steps,  but  con- 
tinuously and  insensibly.  We  may  point  out  that  class  B  con- 
tains forms  differing  respedlively  from  each  other  quite  as  much 
as  some  of  them  do  from  A.  We  may  prove  that  fa(5ls  would 
warrant  a  division  into  three,  or  ten,  or  twenty  groups,  as  well 
as,  or  better  than,  into  two.  Or  we  may  show  that  the  classifi- 
cation is,  in  its  principles,  arbitrary,  unnatural,  and  ex  parte 
hominis,  resting  not  on  any  difference  in  the  matters  to  be 
arranged,  but  merely  on  the  relation  they  bear  to  the  con- 
venience or  prejudices  of  man,  or  of  some  particular  sedlion 
of  men.  All  our  explanations  and  objeAions  will  have  little 
weight ;  man  will  have  his  two  classes,  and  no  more.  This 
inbred  tendency  to  dualistic  arrangements,  or  to  dichotomy, 
as  it  is  called  by  some  writers,  is  probably  founded  upon  a 
bodily  fa<5t.  Man  has  two  hands.  Place  before  a  child  a 
quantity  of  flowers,  shells,  or  pebbles,  and  he  will  generally 
scrape  them  into  two  heaps,  to  the  right  and  to  the  left. 
This  mode  of  proceeding  follows  man  from  childhood  to 
maturity,  from  savagery  to  civilisation,  and  from  objedls 
materially  under  his  hands  to  those  presented  to  his  mind 
only.  Had  he  been  a  three-  or  a  four-handed  animal,  his 
philosophies  and  his  creeds  would  have  been  greatly  modi- 
fied. Our  binary  or  dualistic  classifications,  like  our  decimal 
arithmetic,  have  a  morphological  basis. 

Instances  of  these  binary  divisions  are  plentiful,  from  the 
categories  of  Aristotles,  or  even  from  an  earlier  date, 
down  to  the  present  day.  Every  science,  every  branch  of 
erudition,  has  its  antithetical  couples  strung  together,  like 
braces  of  birds  in  a  poulterer's  shop.  We  speak  of  Ormuzd 
and  Ahriman,  of  earth  and  heaven,  of  matter  and  spirit,  of 
matter  and  force,  of  nature  and  man,  of  good  and  evil,  of 
soul  and  body,  of  light  and  darkness,  of  heat  and  cold,  of 
conductors  and  non-condu(5lors,  of  metals  and  metalloids, 
of  acids  and  bases,  of  combustibles  and  supporters  of  com- 
bustion, of  organic  and  inorganic,  of  animals  and  vegetables, 
of  man  and  beast. 

The  same  love  for  dualism  shows  itself  in  the  affairs  of 
daily  life,  and  in  common  conversation.  Thus,  the  raw 
youth  and — oddly  enough — the  statesman  divide  mankind 
into  friends  and  enemies ;  our  divines  have  their  saints  and 
sinners,  their  church  and  world,  and  other  antitheses  not  a 
few  ;  our  moralists  enlarge  on  vice  and  virtue ;  our  political 
gtnd  social  orators  have  much  to  say  concerning  order  and 
progress,  liberalism  and  conservatism,  capital,  and  labour. 
We  speak  of  white  men  and  men  of  colour,  forgetting  that 
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Celts,  Teuton,  and  Slav  are  as  remote  from  each  other 
respeftively  as  any  of  them  are  from  the  swarthy  Aryan  of 
India,  and  that  the  latter  approaches  no  nearer  to  the  negro 
than  do  our  worshipful  and  self-worshipping  selves.  We 
are  prone  to  contrast  Englishmen  with  foreigners.  We  do 
not,  indeed,  conceive  that  the  latter  class  is  perfedlly  homo- 
geneous :  we  admit  that  there  is  some  little  difference  be- 
tween a  Frenchman  or  a  German  on  the  one  hand  and  an 
Ashantee  or  a  Papuan  on  the  other;  still  we  hold  that  all 
foreigners  differ  so  widely  and  fundamentally  fron^  English- 
men that  such  nice  shades  of  variation  may  well  be  over- 
looked. 

Here  also  belongs  that  tendency  to  "  successive  halving  " 
upon  which  the  English  opponents  of  the  metric  system  of 
weights  and  measures — such  as  Sir  J.  Herschel — depend  as  one 
of  their  chief  arguments.  They  tell  us  that  it  is  '*  an  instindt 
of  human  nature  "  to  divide  everything  into  two  portions— 
that  the  hundredweight  is  thus  halved  and  halved  again 
down  to  the  3^^  lb.,  and  that  the  authorities  have  even  been 
memorialised  to  sandtion  the  use  of  a  i|lb.  weight.  All 
this  is  a  further  illustration  of  man's  natural  proneness  to 
dichotomy. 

There  is  a  singular  feature  in  certain  cases  of  binary 
arrangement,  which  may  be  most  readily  understood  by  a 
reference  to  the  views  prevailing  in  chemical  science  during 
the  first  quarter  of  the  present  century.  Oxygen  was,  tacitly 
at  least,  singled  out  and  placed  in  one  class  by  itself,  the 
remaining  elementary  bodies  forming  the  second.  It  was 
the  great  element,  as  much  superior  to  the  rest  as  '*  man  " 
is  to  "  beast,*'  as  "  Englishman  "  is  to  "  foreigner  '* — we 
might  almost  say  as  "  respeftable  Englishman "  is  to 
"  pauper."  Every  newly-discovered  substance  was  primarily, 
if  not  exclusively,  studied  with  reference  to  oxygen.  Where- 
soever it  entered  it  was  supposed  to  play  the  adlive  part, 
other  substances  present  in  the  rea(5tion  being  merely  passive. 
Thus  it  was  the  *'  supporter  " — the  cause — of  combustion, 
whilst  the  substances  with  which  it  united — compounds  of 
carbon,  hydrogen,  and  the  like — were  merely  combustibles, 
bodies  capable  of  suffering  or  undergoing  the  process. 

This  is  a  typical  and  an  instructive  case.  In  his  binary 
arrangements  man  is  very  apt  to  take  the  one  class  in  his 
right  hand,  if  the  phrase  may  be  allowed,  and  to  view  it 
with  especial  interest  and  favour.  Nay,  sometimes  this  ex- 
ceptional favour  is  the  only  base  upon  which  such  classifi- 
cations rest. 

We  do  not  mean  to  lay  down  the  law  that  every  binary 
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arrangement  must  needs  be  rejedled.  There  may  be  cases 
where  a  division  into  two  groups  is  quite  natural  and  justifi- 
able. Such  groups,  may  even  be  exclusive,  and  to  some 
extent  antithetical.  Thus  we  may  feel  bound  to  refer  all 
substantive  entities  to  the  two  classes,  "  matter "  and 
"  spirit."  We  may  neither  be  able  to  break  down  the 
boundary  between  these  two  groups,  nor  to  point  out  a  third 
co-existing  group.  Still,  the  possibility  of  matter  and  spirit 
being  both  phases  of  a  something  as  yet  hidden  is  gradually 
dawning  upon  some  of  us. 

Looking,  again,  upon  material  objefts,  we  may  feel  forced 
to  regard  them  as  either  **  organic  "  or  "  inorganic."  The 
distinction  between  these  two  groups  may  grow  less  and  l«ss 
striking  as  our  knowledge  extends,  but  it  does  not  entirely 
vanish.     Still  less  does  a  third  group  make  its  appearance. 

Again,  the  division  of  the  higher  forms  of  animal  life  into 
males  and  females — obnoxious  as  it  is  to  the  champions  of 
the  Woman's  Rights  Movement,  and  inconvenient  as  it 
proves  to  a  certain  class  of  world-betterers — can  neither  be 
abrogated  nor  explained  away.  There  is,  to  be  sure,  a  time 
in  the  life  of  hen  pheasants,  and  other  female  gallinaceous 
birds,  when  they — in  the  magniloquent  language  of  a  weekly 
literary  organ  of  epicoenes  and  garotters — **  rise  up  and  look 
their  tyrant  in  the  face,"  in  the  hope  that,  **  ever  after,  he 
will  sit  uneasily  on  his  "  roost.  In  plainer  words,  hens  who 
reach  a  "  certain  age "  assume,  to  some  extent,  male 
plumage;  attempt,  not  very  successfully,  to  crow;  and 
make  themselves  generally  ridiculous,  by  attempting  to  be 
what  they  are  not.  Does  such  a  change  come  over  not 
merely  individuals,  but  whole  species,  and  is  the  human 
race  approaching  the  time  for  this  change  ?  If  so,  there  is 
an  opening  for  some  of  "  our  poor  relations."  If  differen- 
tiation means  development,  what  conclusion  must  be  drawn 
from  the  eifacement  of  differences  ? 

In  spite,  however,  of  the  above-mentioned  exceptions, 
and  of  a  few  others,  real  or  apparent,  I  maintain  that  every 
case  of  binary  classification  is  suspicious,  as  being  probably 
ex  parte  hominis.  The  history  of  Science  fully  justifies  this 
caution.  The  successive  overthrow  of  such  arrangements 
is  certainly  not  the  least  striking  feature  in  the  career  of 
modern  discovery.  This  assertion  I  shall  briefly  endeavour 
to  make  good. 

In  the  dark  ages — or  ages  of  faith,  as  they  are  called  by 
men  of  the  De  Maistre  school,  who  wish  their  revival — no 
antithesis  was  more  common  and  more  firmly  established 
than  that  of  "earth  and  heaven."    The  planets  were  not 
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then  known  to  be  bodies  composed  of  the  same  ultimate 
elements  as  our  earth,  governed  by  the  same  physical  forces, 
and  consisting,  in  the  main,  of  a  nucleus  partly  solid  and 
partly  liquid,  surrounded  by  an  atmosphere  of  gases  and 
vapours.  They  were  supposed  to  be  semi-spiritual  in  their 
nature,  formed  of  no  one  knew  what,  perfedtly  spherical  in 
form,  and  free  from  such  blemishes  and  imperfedtions  as 
hifls  and  valleys.  The  moon  alone,  being  "  lowest "  and 
nearest  to  the  earth,  had  in  consequence — as  generally 
happens  to  those  who  indulge  in  "  questionable  '*  company 
— contradled  certain  stains  and  impurities.  Readers  not 
conversant  with  the  history  of  astronomy  will  find  difficulty 
in  believing  that  such  was  the  interpretation  put  upon  those 
spots  in  the  moon  which  the  telescope  resolves  into  moun- 
tains, chasms,  and  ravines.  As  for  our  earth,  it  was  regarded 
as  a  place  utterly  vile  and  "  impure,"  the  '*  sink  of  the 
universe," — differing  from  the  heavenly  bodies  in  its  nature, 
and  contrasting  with  them  in  every  respedl.  Those  very 
features  whfch  conduce  most  to  its  beauty,  and  which  alone 
render  it  habitable,  were  considered  as  proofs  of  its  vast  in- 
feriority. These  absurdities  were  recognised  as  philosophic 
truths ;  they  were  consecrated  as  articles  of  the  true  faith, 
and  reigned  for  centuries  unchallenged.  Between  earth  and 
heaven  there  was  a  "  great  gulf."  But  the  progress  of 
astronomy  showed  finally  that  the  earth  and  the  remaining 
planets  were  sister  orbs,  between  which  no  such  antithetical 
distinction  could  be  maintained.  The  "great  gulf"  was 
found  to'  be  merely  the  fog  and  darkness  of  ignorance,  and, 
as  it  has  been  beautifully  expressed,  "  earth  was  restored  to 
♦her  place  in  the  heavens."         • 

Turning  from  astronomy  to  chemistry,  no  antithesis  in 
science  was  more  firmly  established  a  hundred  years  ago 
than  that  of  acid  and  alkali,  or,  as  we  should  now  say,  of 
acid  and  base.  But  in  the  progress  of  research  it  was  found 
that  one  and  the  same  body  could  fulfil  either  of  these 
fundlions  according  to  circumstances.  Thus  alumina  in 
conta<5l  with  a  body  more  basic  than  itself — such  as  potassa 
or  soda — plays  the  part  of  an  acid  ;  but  if  brought  together 
with  a  substance  of  a  more  decidedly  acid  charadler — such 
as  the  sulphuric  or  nitric — it  adls  as  a  base.  Thus  the  old 
absolute  view  of  acid  and  alkali  as  two  classes,  mutually 
exclusive  and  essentially  antithetical,  has  passed  away,  and 
the  terms  have  acquired  a  mere  relative  significance.  In 
this  case  the  change  of  view  was  fortunately  not  retarded 
by  any  extraneous  complications,  such  as  social  or  theological 
prepossessions. 

YOU  v.  (n,  s.)  k 
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Very  similar  has  been  the  case  with  the  classification  of 
the  simple  or  elementary  bodies.  The  science  of  the  past  had 
here,  also,  its  dichotomous  arrangement ;  metals  and  non- 
metallic  bodies,  or,  as  the  French  and  Germans  call  them, 
metalloids.  To  apply  the  term  mei^Xloid  to  a  body  which  is 
all  the  time  proclaimed  eminently  unlike  a  metal  is  one  of 
the  curiosities  of  scientific  nomenclature.  To  fence  in  these 
two  classes  with  stridt  definitions,  and  to  assign  to  every 
element  its  place  in  one  or  the  other,  were  tasks  on  which 
learning  and  research  were  freely  spent.  And  what  is  the 
result  ?  That  now  there  are  several  elements  which  form  a 
debateable  land  between  the  two  classes ;  that  the  love  of 
paradox  has  caused  one  of  the  very  bodies  from  which  the 
idea  of  metal  was  originally  obtained  to  be  proclaimed  non- 
metallic  ;  and  that  the  most  truly  philosophic  chemists  are 
beginning  to  regard  the  whole  question  as  comparatively 
unimportant. 

Turning  to  Physics,  we  may  be  reminded  that  "  heat  and 
cold  "  were  once  viewed  as  distindt  and  antithetical  forces. 
The  zero  of  our  ordinary  English  thermometrical  scale  is  a 
fossil  remnant  of  this  supposition.  At  32  degrees  below  the 
freezing-point  of  water  it  was  held  that  there  was  an  abso- 
lute privation  of  heat,  and  that  below  this  only  greater  or 
less  degrees  of  cold  could  be  experienced.  Now  every  man 
of  science,  every  person  of  decent  education, — always  ex- 
cepting the  author  of  *'  Trinology," — conceives  of  cold 
merely  as  a  degree  of  heat  which  is  low  in  relation  to  his 
feelings,  or  to  his  general  experience. 

Let  us  look  next  at  the  antithesis  "  vegetable  and  animal," 
somewhile  accepted  without^demur.  We  have  still  no  diffi- 
culty in  distinguishing  the  higher  forms  of  "  kingdom,"  as 
they  are  inaptly  designated.  We  do  not  confound  the  eagle 
with  the  oak,  or  the  donkey  with  the  thistle.  But  on  the 
confines  there  is  here,  again,  a  debateable  land  across  which 
man  has  hitherto  been  unable — and  finds  himself  from  day 
to  day  less  able — to  eredt  one  of  those  sharp,  glaring, 
property-like  fences  in  which  his  soul  delights.  An  appeal 
was  made  to  chemistry  to  find  some  absolute  distindlion 
between  animals  and  plants.  For  a  time  the  appeal  seemed 
likely  to  be  successful.  We  were  told  that  animal  matter 
contained  nitrogen,  which  was  wanting  in  vegetables.  But 
soon  nitrogenous  bodies  analogous  to  albumen  and  caseine 
were  found  in  the  seeds  and  in  the  juices  of  plants.  It  had 
been  said  that  animal  matter  exposed  to  destru(5tive  distilla- 
tion yielded  ammonia,  whilst  by  treating  vegetable  substances 
in  a  similar  manner  acetic  acid  was  obtained ;  yet  99-iooths 
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of  the  ammonia  of  commerce  is  derived  from  the  destruftive 
distillation  of  a  vegetal  matter, — namely,  coal.  Next  cer- 
tain substances  were  pronounced  exclusively  peculiar  to  the 
vegetable  world — such  as  starch,  alkaloids  like  quinine,  and 
colours  like  indigo.  Ofie  by  one  these,  or  their  representa- 
tives, have  been  traced  in  the  animal  world.  As  a  last 
resource  the  advocates  of  a  chemical  distinction  seledted 
protagon — a  substance  found  in  the  nerves  of  animals.  But 
alas  !  even  this  compound  has  been  distindlly  recognised  in 
the  grain  of  Indian  corn.  Again,  it  was  asserted  that  plants 
were  entirely  dependent  in  temperature  upon  the  surrounding 
medium,  whilst  animals,  to  a  greater  or  less  extent,  possess 
a  temperature  of  their  own.  This  view  is  also  abandoned. 
Several  flowers  are  distindlly  and  measurably  warmer  than 
the  surrounding  atmosphere.  Thus,  according  to  Garreau, 
the  flower  of  Arum  cordifolium  has  been  found  to  have  the 
temperature  of  121**  F.,  whilst  that  of  the  air  was  merely 
66^*  F.  On  the  other  hand,  the  milk  of  a  freshly-gathered 
cocoa-nut  is  several  degrees  colder  than  the  atmosphere. 

There  are,  of  course,  certain  anatomical  features  upon 
which  those  who  worship  their  own  ignorance — under  the 
imposing  title  of  "  common  sense  " — may  rely  as  furnishing 
a  criterion.  Bones  and  nerves  cannot  be  distinguished  in 
plants ;  but  neither  can  they  be  traced  in  all  forms  of 
animal  life.  Thus  the  old  antithetical  distinction  between 
plant  and  animal  becomes  less  tenable,  less  striking,  the 
more  closely  it  is  examined. 

So  we  might  proceed  with  a  large  majority  of  the  con- 
trasted couples,  either  of  science  or  of  common  life.  We 
should  find,  almost  invariably,  that  where  a  dualistic  ar- 
rangement has  been  adopted,  that  it  is  either  radically  false 
in  principle,  that  the  two  classes  are  not  mutually  exclusive, 
or  that  the  presumed  antagonistic  groups  are  merely  the 
extreme  members  of  one  conne(5led  series.  We  should  find 
more  and  more  evidence  that  Nature  repudiates  our  pigeon- 
boxes,  and  that  her  groups  are  referrible  not  to  any  outside 
boundary  or  definition,  but  to  an  internal  type. 

But  whilst  Science  is  successively  repudiating  these  anti- 
thetical couples  of  the  past,  and  regarding  them  as  mere 
"  alms  for  oblivion,"  one  case  of  dualism  remains  almost 
untouched.  We  still  speak  of  "  man  and  beast  "  as  did  our 
forefathers  in  the  eleventh  century.  Man  deems  himself, 
not  the  first  and  highest  member  of  a  series — or  group  of 
series — including  all  forms  of  animal  life,  but  a  creature 
removed  from  them  far  more  widely  than  is  the  ape  from  the 
coral-worm.     He  diff'ers  from  them,  according  to  his  own 
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view,  not  in  degree  but  in  kind.  Swainson  excludes  him 
altogether  from  the  zoological  circle,  and  views  him  as  the 
**  aberrant  "  form  of  the  spiritual  world,  having  with  animals 
relations  not  of  affinity,  but  merely  of  analogy.  Every 
attempt  to  point  out  his  true  place  in  the  scale  of  being  is 
rejefted  as  insulting,  cynical,  even  blasphemous.  Curiously 
enough  those  who  intelleftually  and  morally  approach 
nearest  the  apes,  and  in  some  respedls  fall  below  them,  are 
most  exasperated  at  being  approximated  to  **  mere  brutes." 
Even  some  of  the  advocates  of  what  is  conventionally — 
though  illogically — known  as  "  Darwinism  "  stop  short  in 
their  train  of  reasoning  when  they  have  reached  the  anthro- 
poid apes,  and  discover  grounds  for  not  pushing  the  enquiry 
further.  Whether  their  grounds  for  thus  advising  us  to 
*'  rest  and  be  thankful "  arc  scientific  or  sentimental  we 
shall  not  now  examine.  Those,  however,  who  value  con- 
sistency will  find  that  man  is  at  any  rate  much  nearer  to  the 
brutes  than  his  self-love  is  willing  to  own,  and  that  the 
points  upon  which  he  relies  to  establish  a  **  great  gulf"  be- 
tween himself  and  the  rest  of  the  animal  world — if  not 
baseless  assumptions — are,  at  the  best,  sadly  inadequate. 

Does  language  constitute  the  boundary  line  ?  So  says  a 
large  amount  of  vague  popular  opinion,  represented  by  such 
phrases  as  "  dumb  animals."  So  say  also  enquirers  not  a 
few,  among  whom  a  prominent  place  belongs  to  Professor 
Max  Miiller.  Of  a  different  opinion  is  Quatrefages.*  We 
will  therefore  examine  what  element  of  truth  is  in  this 
view.  In  how  far  can  man  claim  the  exclusive  privilege  of 
the  *'  spoken  word,"  commonly  deemed  co-extensive  with 
reason  ?  Have  animals  no  means — whether  by  sounds  or 
gestures — of  communicating  their  notions  and  their  senti- 
ments to  other  individuals  of  their  own  species,  or  of  nearly 
allied  groups  ?  Have  the  varied  sounds  they  utter  no 
meaning  beyond  the  expenditure  of  a  certain  amount  of 
superfluous  vital  energy  ?  Domestic  animals  may  possibly 
have  learned  from  man  the  bad  habit  of  not  keeping  silence 
when  they  have  nothing  to  say.  But  a  little  observation 
will  convince  us  that  the  sounds  made  by  birds  and  beasts 
are  regularly  repeated  under  certain  recurring  circumstances, 
and  are  evidently  understood  and  a(5ted  upon  by  others  of 
the  same  species.  Tnis  may  readily  be  noted  in  the  case  of 
domestic  fowls,  whose  vocabulary  is  rather  extensive,  and 
may  to  some  extent  be  understood.     It  may  be  objected  that 

*  Unity  of  the  Human  Species.  The  unity,  by  the  way,  of  the  •*  human/' 
or  of  any  '*  species,"  will  doubtless  be  conceded,  subje(5t  always  to  the  ques- 
tion— What  is  included  in  such  species  ? 
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these  sounds  consist  chiefly  of  danger-signals,  calls  to  food, 
or  calls  relative  to  sexual  and  parental  instin(5ts,  and  that — 
few  in  number,  vague   and  indefinite   in   charadler — they 
make   but  a   very  faint   approach  to  the   charafter  of  a 
language.    This  may  be  here  the  case ;  but  we  have  positive 
evidence  that  brutes  are  capable  of  conne<5ted  thought — of 
trains  of  reasoning :  this  is  generally  allowed  to  involve,  of 
necessity,  the  use  of  language,  or  of  symbols  of  some  kind 
answering  the  same  purpose.     Man,  at  all  events,  cannot 
think  or  refle(5l  on  any  subjedl  without  the  internal  use  of 
words.     Coleridge,  indeed,  was  of  opinion  that  if  language 
had  never  arisen,  man  might  have  come  upon  some  method 
of  conducting  the  reasoning  process  without  its  aid.     But 
this  view  meets  with  little  acceptance.    This  intimate  con- 
nection of  speech  and  reason  is  acknowledged  in  the  idioms 
of   several  languages;   but  that  language   depends   solely 
upon  sound,  and  must  be  addressed  to  the  ear  alone,  is  a 
false  assumption.     The  senses  of  sight  and  touch  may  each 
be  the   medium   through  which  symbols    of   determinate 
meaning  can  be  laid  before  the  mind  of  an  intelligent  being. 
The  language  of  ants,  conveyed  by  varied  touches  with  the 
antennae,  has  been  observed  by  many  naturalists, — we  need 
only  refer  to  Mr.  Belt, — and  is  clearly  adequate  to  the  com- 
munication and  transmission  not  of   mere  danger-signals 
and  calls  to  food,  but  of  precise  and  definite  information 
concerning  duties  to  be  performed.     A  messenger  ant  can 
send  a  number  of  his  companions  to  some  precise  spot,  and 
can  inform  them  beforehand  what  task  they  are  to  under- 
take, just  as  well  as  a  human  messenger  in  a  manufactory 
or  an  aide-de-camp  on  a  battle-field.     Nor  is  the  ant  who 
has  brought  intelligence  obliged  to  go  first  to  the   place 
where  help  is  wanted ;  those  whom  he  has  first  touched 
rush  off  in  the  proper  direction,  whilst  he  goes  on  collecting 
more  forces.     The  case,  then,   stands  thus : — Man  is  no 
longer  able  to  deny  that  brutes  think.     If  he  will  not  admit 
that  they  think  in  words,  or  by  means  of  equivalent  sym- 
bols, he  is,  I  submit,  bound  to  show  that  they  think  in  some 
different  manner,  or  by  the  aid  of  some  other  instrument. 

There  are  on  record  authenticated  instances  proving  that 
animals  are  capable  of  conveying  or  transmitting  to  each 
other,  not  mere  general  and  vague  intimations  of  good  or 
evil,  but  pieces  of  distinCt  and  specific  information.  Turning 
to  beings  which — morphologically  at  least — approach  man 
much  more  nearly  than  the  ants  to  which  I  have  been  re- 
ferring, we  find  the  following : — "  A  little  Blenheim  spaniel 
of  hers  once  accompanied  her  to  the  house  of  a  relative. 
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where  it  was  taken  to  the  kitchen  to  be  fed,  on  which  occa- 
sion two  large  favourite  cats  flew  at  it  several  times,  and 
scratched  it  severely.  The  spaniel  was  in  the  habit  of  fol- 
lowing its  mistress  in  her  walks  in  the  garden,  and  by 
degrees  it  formed  a  friendship  with  a  young  cat  of  the 
gardener's,  which  it  tempted  into  the  house, — first  into  the 
hall,  and  then  into  the  kitchen, — where,  on  finding  one  of 
the  large  cats,  the  spaniel  and  its  ally  fell  on  it  together, 
and  beat  it  well.  They  then  waited  for  the  other,  which 
they  served  in  the  same  manner,  and  finally  drove  them 
both  from  the  kitchen.  The  two  friends  continued  after- 
wards to  eat  off  the  same  plate  as  long  as  the  spaniel 
remained  with  its  mistress  in  the  house."*  How,  without 
some  kind  of  language  capable  of  entering  into  special 
details  did  the  spaniel  persuade  its  friend  to  enter  the  house, 
and  join  in  hostilities  against  two  beings  of  its  own  species  ? 
Yet  there  are  on  record  cases,  not  a  few,  of  dogs  and  of  cats 
which  have  brought  allies  from  a  distance  to  aid  them  in 
revenging  an  injury.  To  give  all  the  well-authenticated  and 
current  instances  where  one  animal  has  thus  been  known  to 
convey  to  another  some  definite  piece  of  information  would  be 
foreign  to  my  plan,  but  there  are  many  works  on  Natural 
History  that  will  fully  supply  the  deficiency. 

I  have  next  to  call  attentioh  to  the  fadl  that  domestic 
animals  frequently  understand  what  is  said  by  man.  I  do 
not  refer  to  words  of  command  to  which  they  have  been 
trained,  nor  to  other  cases  where  the  tone  of  the  voice  and 
the  accompanying  looks  and  gestures  might  reasonably  be 
expedted  to  throw  some  light  upon  the  meaning  of  the 
speaker.  Take  the  following  instance : — ^A  woman  was  often 
annoyed  by  the  depredations  which  the  poultry,  and  espe- 
cially a  certain  young  cock,  committed  in  the  garden.  One 
day,  after  driving  out  the  poultry,  she  said,  in  the  heat  of 
the  moment, '  I  wish  that  cock  were  dead ! '  A  little  favourite 
dog,  which  had  been  present  as  she  spoke,  ran  out,  and 
shortly  afterwards  returned,  dragging  in,  to  her  surprise  and 
horror,  the  lifeless  body  of  the  offending  cock."  We  may 
grant  that  the  dog  had  seen  its  mistress  drive  out  the 
poultry,  and  knew  thus  that  they  were  the  obje<5t  of  her 
anger;  but  how,  except  from  understanding  her  words, 
could  he  learn  that  the  cock  was,  in  her  opinion,  the  main 
offender,  and  that  she  desired  his  death  ?  Take  another 
case  : — '*  The  Rev.  James  Simpson,  of  Liberton,  had  a  very 
intelligent  dog.     He  remarked  one  day  to  a  friend,  in  its 

'  Jenyn's  Observations  on  Natural  Historyi  p.  yx. 
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hearing,  that  he  should  be  compelled  to  get  rid  of  it,  being 
about  to  change  his  residence.  The  dog  forthwith  disap- 
peared, and  never  returned."* 

Further,  instances  in  abundance  could  be  brought  to 
show  that  a  dog  very  readily  discovers  whether  his  master 
is  on  a  hostile  footing  towards  any  persons  he  meets,  even 
where  no  threatening  gestures  or  loud  speaking  may  have 
occurred.  If  you  talk  about  a  cat  in  her  hearing  she  will 
generally  put  on  an  air  of  affe(5led  unconcern,  or  rather  un- 
consciousness, similar  to  that  she  assumes  if  a  scrap  is 
thrown  to  her  when  not  very  hungry.  Now  it  is  inconceiv- 
able that  a  being  totally  devoid  of  a  language,  and  therefore 
unaccustomed  and  unqualified  to  receive  communications 
through  any  such  channel,  could  understand  the  language 
of  man. 

But  if  domestic  animals  have  languages  of  their  own,  and 
do,  to  some  extent,  understand  that  of  man,  how  is  it  that 
he  is  so  little  able  to  understand  theirs?  Perhaps  his 
motives  are  much  less  urgent.  Place  two  beings,  A  and  B, 
in  close  daily  conta(5l,  and  give  A  unchallenged  and  un- 
limited power  over  B.  It  will  then  always  be  found  that  B 
will  have  a  far  clearer  insight  into  A's  principles,  passions, 
prejudices,  foibles,  and  charadler  in  all  respedls,  than  A,  in 
turn,  has  into  those  of  B.  In  the  old  times  of  negro  slavery 
— say  in  Jamaica  or  Carolina — how  little  did  "  massa " 
really  know  of  Quashie  and  Sambo,  and  how  very  much,  on 
the  other  hand,  they  knew  of  him  !  Paradoxical  as  it  may 
seem  I  feel  compelled  to  assert  that,  within  a  certain  sphere, 
the  lower  mind  sees  into — not  comprehends,  that  is  another 
matter — the  higher  mind  better  than  the  higher  can  see  into 
the  lower.  The  planet  sees  the  sun,  whilst  the  sun  is  all 
unconscious  of  the  planet.  Place  yourself  on  the  summit 
of  a  hill,  and  a  spectator  down  amidst  the  fields  or  houses 
of  the  plain  may  watch  your  every  movement,  and  yet 
escape  your  notice,  despite — or  perhaps  rather  because  of — 
the  wide  extent  of  view  you  enjoy.  Of  course  only  minds 
similar  in  nature  and  equal  in  power  can  fully  appreciate 
each  other.  The  fool  is  unable  to  comprehend  the  aims 
and  the  motives  of  the  genius,  but  he  sees  into  the  charadler 
of  the  latter,  detefts  any  apparent  shortcomings,  and  draws 
his  private  advantage  therefrom.  "  The  children  of  this 
world" — i.e.,  the  commonplace,  routine  characters — "are 
wiser  in  their  generation  than  the  children  of  light." 

Hence — if  a  brief  digression  be  allowable— the  little  soul 
has^  in  dealing  with  his  fellow  men,  a  decided  advantage,  as 

*  Shirley  Hibberd,  Clever  Dogs,  &c. 
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shown  in  the  following  incident,  which  is  no  fable  or  apo- 
logue, but  the  literal  record  of  a  faft : — A  certain  man  in 
the  North  of  England  had  two  sons,  not  palpably  idiots,  but 
what  are  locally  known  as  "  softies."  One  of  these  was 
suddenly  misspg.  He  was  traced  to  a  wood  near  the  town, 
but  there  the  clue  was  lost,  and  all  search  proved  vain.  In 
the  afternoon  the  other  "  softy  "  begged  that  he  might  go  in 
quest  of  his  lost  brother.  The  proposal  was  accepted,  and 
the  boy — followed  at  some  little  distance  by  his  father — en- 
tered the  wood.  He  sauntered  carelessly  up  and  down,  with 
his  eyes  fixed  on  the  ground,  constantly  shouting — "  Aw  see 
thee,  Johnnie ! "  Suddenly  a  voice  from  the  midst  of  a 
dense  thicket  replied — "  Nay,  thou  duzzant."  What  wise 
man  could  thus  understand  the  workings  of  a  fool's  mind  ? 
The  real  '*  Encomium  Morice  "  has  yet  to  be  written.  These 
considerations  will  go  far  to  explain  the  frequent  failure  of 
men  of  genius  to  secure  the  ordinary  material  prizes  of  life, 
— a  failure  by  no  means  invariably  due,  as  sometimes 
asserted,  to  extravagance,  indolence,  or  intemperance. 
This  opinion  will  certainly  be  voted  flat  blasphemy  against 
that  god  of  the  modem  world,  the  "  self-made  man."  His 
worshippers,  literary  or  illiterate,  may  not  relish  the  impu- 
tation that  the  peculiar  and  profitable  gift  of  their  idol  for 
over-reaching  inventors,  customers,  workmen,  and  all  sorts 
and  conditions  of  people,  is  nothing  divine,  but  merely  a 
slavish — and  even  a  currish — faculty. 

To  return : — What  wonder  that  man  fails  to  understand 
the  lower  animals,  just  as  the  master  is  unable  to  under- 
stand the  slave,  or  the  sane  man  an  idiot  ? 

It  may,  perhaps,  be  argued  that  domestic  animals  have 
been  so  profoundly  modified  by  contadt  with  man,  that  they 
may  thus  have  to  some  extent  acquired  the  gift  of  language. 
I  reply  that,  making  full  allowance  for  such  modification, 
these  animals  must  either  have  possessed  the  rudiments  oif 
a  faculty  for  language  or  not.  If  they  had  when  in  a  state 
of  nature  even  the  slightest  germ  of  such  a  faculty,  then 
absence  of  language  cannot  serve  to  distinguish  the  lower 
animals  from  man.  If  they  had  no  such  germ,  and  if  the 
faculty  for  language  could  be  created  by  mere  association 
with  mankind,  then  assuredly  it  is  a  charadteristic  far  too 
unimportant  to  serve  as  the  basis  of  a  classification. 

It  is  not,  however,  among  domestic  animals  that  the 
faculty  of  language  appears  most  fully  developed.  Save 
among  mankind,  it  appears  in  the  greatest  perfedlion  among 
the  social  birds  and  insedls — species  which  unite  not  merely 
in  families,  but  in  tribes  and  communities.    To  the  ants  I 
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have  already  referred.  Among  rooks,  some  slight,  but  un- 
mistakable traces  of  law,  and  of  formal  procedure  against 
criminals,  have  been  observed.  This  surely  is  inconceivable 
in  the  absence  of  language.  In  Guayana  a  great  number 
of  monkeys  have  been  obsenred  assembling  upon  a  huge 
tree.  A  large  old  male,  perched  near  the  summit,  delivered 
a  long  chatter,  after  which  the  whole  assembly  burst  into  a 
tumultuous  jabbering  and  screeching.  When  this  ceased, 
the  orator  resumed  his  harangue,  and  ^as  again  after  a 
time  interrupted  by  the  whole  chorus.  Ludicrous  as  this 
sounds  to  us,  can  we  consider  it  as  utterly  unmeaning  ?  On 
the  other  hand,  can  we  conceive  of  any  meaning  except 
the  assemblage  had  some  faint  outline  of  a  language  ? 

In  many  instances  it  would  be  impossible  for  animals  to 
alter  their  habits  in  conformity  with  changed  circumstances, 
unless  they  were  able  to  communicate  information  to  their 
contemporaries  and  to  their  posterity.  There  are  many 
circumstances  proving  that  the  lower  animals  possess 
the  power  of  tradition.  Look,  for  instance,  at  the  dread 
of  man  shown  by  birds  and  mammalia  in  peopled  regions. 
This  fear  is  not  innate,  as  we  learn  from  voyagers  who 
have  visited  uninhabited  islands,*  such  as  the  Gallapagos 
or  the  Falklands.  In  such  lonely  parts  the  feathered 
tribes  fear  a  man  no  more  than  they  do  a  goat  or  a  sheep. 
But  wherever  he  sets  his  foot,  his  habits  of  promiscuous 
and  wanton  destrudtion  become  known  with  wonderful  speed, 
and  he  is  soon  regarded  as  dangerous,  and  shunned  ac- 
cordingly, long  before  every  individual  bird  can  have  per- 
sonally observed  the  effedls  of  a  fowling-piece.  Here, 
then,  is  a  new  fadl,  observed,  remembered,  and  circulated. 
But  the  vague  dread  with  which  birds  regard  man  when  first 
his  real  nature  becomes  known  is  not  permanent.  They  ob- 
serve him,  and  note  how  far  and  under  what  circumstances 
he  is  dangerous,  and  also  when  and  where  he  is  powerless. 
This  knowledge,  also,  is  communicated.  A  town  sparrow 
knows  exa(5lly  how  near  it  is  safe  to  let  a  boy  approach 
before  taking  flight.  Its  condudt,  which  may  be  regarded  as 
cautious  impudence,  is  a  due  medium  between  the  unsus- 
pedting  confidence  of  the  birds  of  some  untrodden  isle  and 
the  panic  terror  of  those  in  rural  distri<5ts.  These  and 
similar  fadts,  which  the  field  naturalist  and  the  sportsman 
will  call  to  mind  in  quantity,  prove  that  the  lower  animals 
can  tell  each  other  what  they  observe  and  remember. 

Some  objedlors  may  urge  that  the  languages  of  brutes,  be 
they  vocal  or  signal,  are  not  **  articulate,"  and  consequently 

Darwih,  Naturalist's  Voyage,  p.  398. 
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bear  no  resemblance  to  those  of  man.  So  long  as  they 
answer  a  corresponding  end,  I  consider  this  distinction  im- 
material. But  every  language  seems  inarticulate  to  those 
to  whom  it  is  quite  unintelligible.  The  English  peasant 
hearing  a  conversation  between  two  Frenchmen  proclaims  it 
mere  chatter,  such  as  a  monkey  might  utter,  and  in  which 
he  can  recognise  nothing  like  words.  The  ancient  Greek 
called  all  barbarians  "  tongueless."  The  modern  Pole, 
Wend,  or  other  Slavic  man^  terms  his  Gernfian  neighbours 
**  mute."  If,  then,  men  fail  to  recognise  the  articulate 
character  of  human  languages  which  they  do  not  under- 
stand, can  we  wonder  if  sounds^  produced  by  vocal  organs 
differing  more  or  less  from  their  own,  seem  to  them  mere 
Siimless  growling,  shrieking,  and  chattering  ?  I  am  far  from 
supposing  that  the  languages  of  brutes  are  remarkable  for 
regularity,  complication,  and  richness  of  expression.  But 
bow  wide  is  the  diversity  in  this  respeCl  among  the  human 
race !  The  Veddahs  of  Ceylon  "  communicate  with  each 
other  by  signs,  grimaces,  and  guttural  sounds  which  bear 
little  or  no  relation  to  distindt  words.'^  If  we  assume  that 
the  languages  of  the  chimpanzee  and  the  pongo  are  as  much 
inferior  to  the  tongue  of  the  Veddahs  as  that  is,  in  turn,  to 
Greek  or  Sanskrit,  need  we  wonder,  if  to  human  ears  the 
Bpe-diale(5ts  seem  utterly  inarticulate  ? 

Finally,  there  are  animals  really  dumb — devoid  of  vocal 
organs,  and  therefore  incapable  of  mutual  communication  by 
sound ;  devoid  also  of  antennae  or  corresponding  parts  requi- 
site for  a  language  of  signs ;  solitary,  and  therefore  needing 
no  language.  The  gulf  between  such  animals  on  the  one 
side,  and  the  vertebrata  and  articulata  on  the  other,  is  in- 
comparably wider  than  that  existing  between  the  latter  and 
inan.  Man  has  a  very  complicated  and  highly-developed 
speech ;  the  ape,  the  rook,  and  the  ant,  a  comparatively 
rudimentary,  but  the  oyster  none.  If,  then,  the  animal 
world  is  to  be  divided  according  to  the  presence  or  absence 
of  this  faculty,  the  line  will  fall,  not  between  man  and  the 
anthropoid  apes,  but  between  the  vertebrates  and  articulates 
on  the  one  hand,  and  the  molluscs  and  still  lower  forms  on 
the  other.  Hence  all  attempts  to  establish  a  ^'  great  gulf  *^ 
between  *^  man  and  beast  ^^  by  means  of  language  are  alto- 
gether illusive. 

*  Sir  £.  TxKNANT,  vol.  ii. 
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V.    SCIENCE,    HER    CLAIMS,    POSITION,    AND 

DUTIES.* 

«E)  ROB  ABLY  no  literary  produdlion  of  the  day  has  occa- 

jji^  sioned  so  much  excitement  as  the  world-famed 
Address  of  Dr.  Tyndall.  Although  bringing  forward 
no  new  fadls,  no  novel  generalisations,  it  has — in  virtue  of 
the  occasion,  and  of  the  high  standing  and  official  position 
of  its  author — called  forth  a  deluge  of  criticism,  as  unique 
in  quantity  as  (we  would  fain  hope  at  least)  in  quality.  In 
clubs  and  in  taverns,  in  public  conveyances  and  at  tea- 
tables,  in  pulpits  and  on  platforms,  Dr.  Tyndall  has  been 
the  denounced  of  all  denouncers.  From  Cardinal  Cullen  to 
Dr.  Cumming,  from  Professor  Blackie  to  Dean  Cowie, 
clericals  of  all  creeds,  "  friars  white,  black,  and  grey,"  are 
leagued  against  the  bold  speaker.  Dr.  Magee  has  treated 
the  world  to  a  **  Tale  told  by  a  bishop,  full  of  sound  and 
fury.""  M.  rAbb6  Moigno  has  scarcely  room  left  in  his  re- 
-doubtable  ^*  iete  bretonne  "  for  the  great  pyramid,  and,  not  to 
speak  of  stray  controversial  paragraphs,  has  reprinted  the 
speech  with  Ultramontane  annotations,  and  addressed  to 
Dr,  Tyndall  a  serious  and  impertinent  letter  of  remonstrance. 
As  for  the  lighter  attacks, — the  cavils  penned  by  fast 
liUeraUurs,  or  uttered  by  the  self-styled  "  respe(5table  and 
intelligent  classes," — they  are  absolutely  beyond  enumera- 
tion. Nothing  more  is  wanting  in  this  candid  and  appreci- 
ative style  of  criticism  save  that  the  "  Address  "  should  be 
solemnly  burned  at  Oxford,  and  formally  condemned  by  his 
Holiness  the  Pope.  If,  as  it  has  been  suggested,  one  at  least 
of  Dr.  Tyndall's  motives  was  to  learn,  by  adlual  experience, 
how  such  a  speech  would  be  received,  his  curiosity  has  been 
fully  gratified.  There  can  be  no  doubt  that,  had  the  power 
been  equal  to  the  wish,  he  would,  before  this  date,  have 
shared  the  fate  of  Protagoras  and  Anaxagoras  and  Hypatia, 
of  Roger  Bacon  and  Virgilius  of  Salzburg,  of  Giordano 
Bruno  and  Vanini,  of  Telesio  and  Campanella,  and  many 
more  who  by  some  strange  accident  are  not  mentioned  in 
Sir  D.  Brewster's  "  Martyrs  of  Science." 

If,  as  we  hold,  there  is  much  in  the  '^  Address  *'  on  which 
issue  may  fairly  be  joined,  much  that  is  incapable  of  demon- 
stration, and  more,  perhaps,  that  is  inopportune,  not  the  less 
do  we  feel  bound  to  protest  against  the  bulk  of  its  critics. 

*  Address  Delivered  before  the  British  Association  assembled  at  Belfast, 
with  Additions,  by  John  Tyndall,  F.R.S.,  President.  London  :  Longmans, 
Green,  and  Co. 
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Their  spirit  and  their  point  of  view  are  equally  faulty.  To 
accuse  a  man  of  "  having  permitted  the  cheers  of  his 
audience  to  stimulate  him  to  the  utterance  of  words  which 
no  right-minded  man  could  employ/'  when  all  the  time  he 
was  delivering  a  speech  previously  drawn  up  and  adlually 
printed ;  to  say,  with  Dean  Cowie,  that  the  Professor  ended 
his  speech  **  by  terming  himself  a  material  atheist ;"  to 
speak  of  Professors  Tyndall  and  Huxley  as  "  ignoring  the 
existence  of  God,  and  advocating  pure  and  simple  mate- 
rialism ;"  or  to  represent  our  author  as  "  patting  religion  on 
the  back," — is  a  style  of  criticism  not  recognised  among 
gentlemen,  and  requiring  more  malice  than  subtlety,  pro- 
fundity, or  learning. 

Professor  Tyndall,  in  some  parts  of  his  speech,  had  appa- 
rently forgotten  that  it  is  the  duty  of  the  British  Association 
to  confine  itself  to  fad\s,  and  to  inductions  carefully  drawn 
and  rigidly  verified,  or  at  least  capable  of  verification, — that 
Science  deals  not  with  noumena  but  with  phenomena,  and 
that  the  ground  on  which  Lucretius  and  Bishop  Butler  wage 
their  endless  and  fruitless  warfare  lies  beyond  her  juris- 
diAion.  Consciousness  and  sensibility  are  for  us  ultimate 
fadls,  about  which  we  may  speculate, — and  quarrel,  if 
foolish  enough, — but  which  we  can  never  explain.  Instead, 
however,  of  pointing  out  where  the  orator  had  ceased  to  be 
scientific,  they,  with  sublime  inconsistency,  denounced 
Science  with  an  eagerness  as  if  the  matter  had  been  pre- 
pared long  beforehand,  and  merely  an  occasion  had  been 
sought  for  its  delivery.  The  ostensible  casus  belli  was  the 
Belfast  speech  ;  the  real  quarrel  seems  to  be  with  the  scien- 
tific spirit  in  its  legitimate  manifestations,  and  with  its 
growing  influence  in  the  world.  Of  this  Dr.  Magee's  late 
sermon  on  the  "  Gospel  of  Science  "  is  a  striking  example. 
There  are  minds  who  seek  in  everything  what — for  want  of 
a  better  name — we  term  unvarying  law,  and  to  whom  the 
arbitrary  is  essentially  painful.  There  are  other  minds  who 
have  a  no  less  decided  craving  for  will  and  for  personality. 
To  this  latter  class  some  of  Dr.  Tyndall's  critics  seem  to 
belong  by  virtue  of  race.*  But  has  this  class  any  right  to 
forbid  the  former  from  even  stating  its  views  ? 

To  follow  the  "  Address  *'  from  proposition  to  proposition, 

*  It  is  a  curious  fad,  not  hitherto  recognised,  that  all  or  nearly  all  Professor 
Tyndall's  denouncers  appear  to  belong  to  the  Celtic  race,  as  far  at  least  as  we 
may  judge  from  their  names.  The  Abb^  Moigno  declares  himself  a  Breton, 
consequently  a  Celt  of  the  Celts.  Such  names  as  Cullen,  Magee,  Fraser, 
Cowie,  and  Blackie  speak  for  themselves.  We  believe  that  this  rule  will  be 
found  to  hold  good  in  other  cases  where  men  of  science  or  scientific  researches 
are  attacked  from  the  same  point  of  view. 
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weighing  each  along  with  the  objedlions  raised  against  it 
and  with  the  fervid  eulogies  of  Dr.  Guardia,*  would  be 
simply  a  life-task.  This  will  readily  be  granted  when  we 
remind  ourselves  that,  in  addition  to  the  vexed  question  of 
"materialism," — more  corredlly  called  apneumatism, — the 
transformation  of  species  is  one  of  the  points  upon  which 
judgment  must  be  given.  Indeed,  passing  over  the  merely 
historical  portion  and  the  "drawn  game  "  between  Lucretius 
and  Bishop  Butler,  the  main  part  of  the  '*  Address  "  is  de- 
voted to  an  exposition  of  the  speculations  of  Darwin, 
Huxley,  and  Wallace,  on  the  origin  of  species,  and  to  the 
researches  of  Herbert  Spencer  on  the  development  of  intel- 
ligence. To  this  part  of  the  subjeft  we  are  led  by  the 
remark  that  Bishop  Butler  "boldly  embraced  the  whole 
animal  world  in  his  scheme  of  immortality,"  like  the  Rev. 
J.  G.  Wood  in  our  day, — thus  overthrowing  one  of  the  most 
formidable  barriers  ere(5ted  between  man  and  the  lower 
animals, — and  by  a  reference  to  modern  geology  and  palae- 
ontology. We  do  not  know  whether  due  weight  has  been 
laid  upon  the  circumstance  that  the  infant  chimpanzee  and 
the  human  infant  have  a  very  considerable  resemblance  to 
each  other,  which,  as  the  two  beings  respeftively  approach 
maturity,  becomes  smaller  and  smaller.  What  does  this 
signify  ?  If,  standing  on  an  eminence  overlooking  a  wide 
traft  of  country,  we  see  two  streams  gradually  and  conti- 
nuously diverging  from  each  other  as  they  flow, — say,  east- 
wards,— we  very  naturally  conclude  that  if  we  could  follow 
them  in  the  opposite  diredlion  we  should  find  them  gradually 
converge.  In  the  same  manner  the  increasing  divergence  of 
animals,  as  they  approach  perfeAion,  seems  strongly  to 
support  the  view  of  an  ultimately  common  origin  of  species 
now  apparently  distindl.  It  is  a  ludicrous  error  to  suppose 
that  the  dodlrine  of  evolution  is  necessarily  conne<5ted  with 
the  atheistic  hypothesis  of  existence.  Just  the  same  charges 
were  in  former  days  brought  against  the  heliocentric  theory 
of  the  solar  system.  Should  "  transformism  " — as  the  Abb6 
Moigno  inelegantly  calls  it — become  better  understood, 
divines  will  cease  to  dread  it,  and  we  shall  see  once  more 
the  Church  and  the  World  yoke  themselves  side  by  side  to 
the  chariot  of  success.  The  recognition  of  the  development 
theory  is,  however,  retarded  by  an  abuse  to  which  one  of  its 
doArines  is  put  by  a  certain  social  school,  and  which  gives 
a  certain  plausibility  to  such  attacks  as  those  of  the  eloquent 
and  subtle,  though  sorely  mistaken.  Bishop  of  Peterborough. 

*  Moniteur  Scientiiique,  November,  1874. 
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When  Darwin,  Wallace,  Bates,  Belt,  and  other  pra<5tical 
naturalists,  speak  of  the  "  struggle  for  existence  "  and  of  the 
"  survival  of  the  fittest,"  they  mean  by  the  term  "  fittest  *' 
simply  that  which  is  in  the  closest  harmony  with  sur- 
rounding conditions.  But  outsiders — such  as  divines, 
lawyers,  politicians,  economists,  and  literary  men— very 
generally  go  away  with  the  impression  that  by  this  word  the 
advocates  of  development  imply  whatsoever  is  in  the  abstract 
best  and  worthiest,  or  whatsoever  is  most  useful  to  man  and 
most  beautiful  in  his  eyes.  Under  the  influence  of  this 
mistake  they  are  led  astray,  in  one  of  two  opposite  direc- 
tions, according  to  their  prepossessions.  Those,  on  the  one 
hand,  who  know  that  without  man's  adlive  intervention 
worthless  weeds  would  soon  choke  the  precious  grain,  be- 
lieve that  they  have  here  found  the  reductio  ad  absurdum  of 
*'  Darwinism."  On  the  other  hand,  certain  economists  who 
hold  that  success  is  the  sole  test  of  merit,  and  who  believe 
the  inventor  who  starves  m  a  garret  less  "  worthy  "  than  the 
**  financier  "  who  robs  him  of  his  invention,  fancy  they  see 
in  the  theory  of  development  the  scientific  consecration  of 
their  private  creed.  Their  consequent  adoption  of  a  part  of 
its  language  brings  "  Darwinism  "  into  contempt. 

Scientific  men  should,  above  all  things,  insist  that  every 
scientific  theory  must  stand  or  fall  on  its  own  merits,  and 
not  in  virtue  of  its  assumed  "  tendencies."  We  can  ac- 
knowledge no  extraneous  jurisdidlion.  Time  was  when  the 
Church  claimed  to  be  the  depository  not  merely  of  spiritual 
but  of  physical  truth :  this  usurpation  is  at  an  end.  Science, 
no  longer  a  "  handmaid,"  sits  crowned  and  armed  in  her 
own  sphere.  But  here,  as  elsewhere,  rights  imply  duties. 
Firmly  and  consistently  as  she  must  claim  and  hold  the  un- 
divided right  to  the  interpretation  of  the  physical  universe, 
no  less  firmly  must  she  abstain  from  every  attempt  to  extend 
her  jurisdi(5tion  over  the  emotional  phase  of  man's  being. 

Professor  Tyndall,  desirous,  doubtless,  to  lay  before  the 
public  some  of  the  most  recent  and  advanced  results  of 
modern  speculation,  was  not  happy  in  certain  parts  of  his 
speech.  If  he  did  not  adlually  cross  the  border,  he  appeared 
so  to  do.  A  teacher,  further,  should  beware  of  needlessly 
exciting  against  himself  and  his  views  the  passions  of  his 
pupils.  It  is  rarely  prudent  to  attack  a  prejudice  in  pitched 
battle.  All  that  there  is  in  this  "  Address  "  really  valuable, 
truthful,  and  to  the  point,  might,  we  believe,  have  been  said 
without  wounding  the  feelings  of  many  estimable  men,  and 
without  raising  a  storm,  all  whose  results  will  scarcely  be 
favourable  to  the  cause  olf  Science.    X)ne  of  the  best  remarks 
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on  the  "Address"  was  made  by  the  Abb6  Moigno,  on 
learning  that  it  had  been  drawn  up  among  the  Alps.  A 
speech  dealing  with  such  important  subjedts,  and  so  liable 
to  be  misunderstood,  if  not  wilfully  misinterpreted,  should, 
the  Abb6  declares,  have  been  composed  not  amidst  the  inci- 
dents and  distradlions  of  travel,  but  at  home,  in  the  quiet  of 
a  well-stocked  library.  Can  Professor  Tyndall  suppose  that 
this  speech  and  its  echoes  will  make  the  present  Adminis- 
tration and  its  supporters  at  all  more  disposed  to  give 
national  education  a  scientific  basis,  or  to  liberate  the 
Universities  from  ecclesiastical  control  ?  We  fear  that, 
though  not'foolish  himself,  he  will  be  the  cause  that  folly  is 
in  others.  Little  as  he  may  be  hurt  by  the  attacks  of  his 
censurers,  we  imagine  that  he  cannot  help  feeling  compunc- 
tion for  having  brought  down  upon  the  public  the  "  weak, 
washy,  never-ending  flood  "  of  speeches,  sermons,  resolu- 
tions, and  leading  articles,  from  which  we  have  suffered  for 
the  last  two  months. 


VI.    THE  SPECTROSCOPE  IN   ITS  APPLICATION 

TO    MINT    ASSAYING. 

By  Alexander  E.  Outerbridge,  Jun. 

HE  invention  of  the  simple  instrument  called  the 
spedlroscope  has  led,  within  a  brief  period  of  years, 
to  such  astounding  revelations,  that  it  is  not  un- 
natural to  imagine  that  untold  possibilities  may  still  lie 
concealed  in  its  future.  Those  who  are  at  all  familiar  with 
the  subjedt  of  spedlrum  analysis,  do  not  require  to  be  told 
that  the  spe^roscope  has  increased  tenfold  the  range  of 
human  knowledge  within  the  domain  to  which  it  is  appli- 
cable ;  and  has  also  reduced  much  of  what  has  heretofore 
been  little  better  than  matter  of  speculation,  to  a  certainty 
as  convincing,  to  a  scientific  mind,  as  a  mathematical  de- 
monstration. Applicable  alike  to  the  analysis  of  tangible 
substances  and  of  the  celestial  fires,  its  mysteries  have  been 
wrested  from  it,  as  it  were,  from  an  invisible  world,  by  its 
devoted  students. 

All  the  classes  of  observations  hitherto  accomplished,  fall 
under  the  head  of  qualitative  analysis,  in  which  perfection 
appears  to  have  been  already  attained.  Should  a  like  per- 
tcAion  be  attainable  juantitatively,  little  more  would-  appear 
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desirable.  With  the  view  of  probing  for  new  fadls  in  this 
dire(5lion,  a  limited  but  promising  field  of  experiment  has 
lately  been  adopted  simultaneously,  but  independently,  in 
the  assay  departments  of  the  Royal  Mint  in  England,  and 
of  the  U.  S.  Mint  at  Philadelphia,  and  the  attempt  has 
been  made  to  insert  the  wedge  of  future  investigation  by 
obtaining  from  the  spedlroscope  a  quantitative  analysis  of 
the  composition  of  metallic  alloys. 

In  a  late  annual  report  of  the  Royal  Mint,  Mr.  Wm. 
Chandler  Roberts,  the  chemist  of  the  Mint  (who  with 
Mr.  J.  Norman  Lockyer,  the  pioneer  in  spectroscopic  re- 
search, has  been  conducting  a  series  of  experiments),  states 
he  is  satisfied  that  by  means  of  the  spe<5lroscope  very  minute 
differences  in  composition  of  gold-copper  alloys  can  be  as- 
tained.  He,  however,  "  refrains  from  describing  the  process, 
as  the  exadt  method  of  manipulation  had  not  been  deter- 
mined upon.  In  the  following  paper,  which  also  appears  in 
No.  xcviii.  of  the  "  Journal  of  the  Franklin  Institute,"  the 
attempt  is  made  to  narrate,  not  technically,  the  process 
adopted,  and  the  conclusion  arrived  at,  in  the  experiments 
made  in  Philadelphia,  the  details  of  which  are  contained  in 
a  report  by  the  writer  to  the  chief  assayer  of  the  Mint, 
dated  May,  1874,  and  published  in  the  ^*  Proceedings  of  the 
American  Philosophical  Society'*  of  the  15th  of  that  month, 
vol.  xiv.,  page  162. 

The  beautiful  parti-coloured  band  of  light,  resembling  a 
sedtion  of  a  miniature  rainbow,  resulting  from  the  passage 
of  a  ray  of  white  light  through  a  prism,  is  familiar  to  every 
one ;  this  simple  experiment  forms  an  appropriate  introduc- 
tion to  the  fascinating  study  of  spedtrum  analysis. 

Every  kind  of  light  not  stridUy  mono-chromatic  may,  by 
means  of  the  prism,  be  resolved  into  its  component  colours. 
The  spectroscope  is  a  simple  combination  of  prisms  and 
lenses  for  the  scientific  examination  of  these  different  colours 
or  spedtra. 

The  numerous  terrestrial  elements,  when  in  the  state  of 
incandescent  vapour,  give  their  own  distinctive  colours, 
which  appear  in  the  spectroscope  as  lines  of  light  arranged 
in  definite  positions,  whereby  each  element  may  be  easily 
recognised. 

The  passage  of  powerful  eleCtric  sparks  (from  an  induction 
coil)  between  two  terminal  points  of  the  metal  to  be  ex- 
examined,  vaporises  a  small  portion  of  the  metal,  and  this 
incandescent  vapour  transmits  to  the  eye  of  the  spectroscopic 
observer  its  luminous  autograph  which  nature  never  counter- 
feits.   Should  either  or  both  of  the  metallic  points,  or  elec- 
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trodes,  consist  of  an  alloy  of  two  or  more  metals,  the  auto- 
graph of  each  may  be  clearly  read. 

Mr.  Lockyer  noticed,  while  studying  these  luminous 
autographs,  that  when  he  separated  the  metallic  eleArodes, 
causing  the  spark  to  leap  a  greater  distance  through  the 
air,  the  spedlral  lines  no  longer  continued  to  cross  the  entire 
field  of  vision,  but  certain  of  them  broke  in  the  middle^  and 
upon  further  increasing  the  distance  between  the  eledlrodes, 
the  hiatuses  in  the  spe<5tral  lines  increased  proportionately, 
but  unequally  with  different  aUoys.  As  the  proportion  of  either 
metal  of  an  alloy  is  increased,  its  lines  lengthen^  and  con- 
versely with  the  lines  of  the  other  metal.  Upon  this  dis- 
covery, Mr.  Lockyer  based  the  theory  of  a  possible  method 
of  quantitative  analysis. 

The  spectroscope  was  known  to  be  marvellously  sensitive 
to  the  impression  of  these  autographs,  and  it  therefore  ap- 
peared plain  that  could  such  a  method  of  analysis  be  reduced 
to  a  pradlical  basis,  its  value  would  be  immense  in  assaying 
metals  used  in  coinage.  For  although  the  present  modes 
of  assaying  precious  metals  have  been  brought  to  great  per- 
feAion,  yet  the  process  is  slow  and  tedious,  requiring  many 
chemical  operations  and  great  delicacy  of  manipulation; 
and  *^  there  is  something  captivating  in  the  idea  of  a  deter- 
mination, as  it  were,  by  a  flash  of  lightning,  or  in  the 
twinkling  of  an  eye,  what  proportion  of  gold  or  silver  is 
present  in  any  bar  or  coin." 

It  was  with  the  hope  of  reducing  this  beautiful  theory  of 
Mr.  Lockyer  to  practice  that  these  experiments  were  under- 
taken. The  investigation  extended  over  a  period  of  several 
months,  the  principal  part  of  the  work  being  conducted  at 
the  University  of  Pennsylvania,  with  the  benefit  of  the  ex- 
cellent apparatus  and  appliances  afforded  in  the  new  college 
building — a  privilege  kindly  extended  by  Prof.  Barker  of 
that  institution. 

A  powerful  indudlion  coil,  reinforced  by  Leyden  jars,  in 
connedlion  with  a  two-prism  Browning  spedlroscope,  was 
employed,  and  it  was  found  possible,  after  repeated  com- 
parisons of  the  spedlra  of  different  known  alloys  of  gold  and 
copper,  to  map  the  difference  of  fineness  between  specimens 
having  respe<5lively  500  and  750  parts  of  gold  in  1000  of  the 
alloy,  and  even  to  recognise  the  variation  between  coin- 
ingots  895  and  902  fine.  This  variation,  within  7oooths, 
was  by  no  means  marked,  although  it  seemed  probable  that 
a  more  delicate  adjustment  of  apparatus,  and  further  ex- 
perience, would  render  the  distin<5tion  more  decided. 

The  spark,  in  passing  through  the  air,  also  vaporises  its 
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constituents,  viz.,  oxygen,  nitrogen,  &c. ;  these,  of  course, 
write  their  signatures  in  the  spedtroscope,  and  it  is  neces- 
sary to  eliminate  the  numerous  bright  air  lines  which  thus 
appear  in  all  the  spet^ra.  Some  of  the  lines  of  different 
metals  appear  in  close  proximity,  and  might  readily  be  mis- 
interpreted. Thus  a  bright  blue  line  of  bismuth  is  almost 
identical  in  position  with  one  of  zinc.  A  green  line  of  iron 
is  nearly  coincident  with  a  bright  gold  line.  The  diEBculty 
which  presented  itself  in  the  exaft  comparison  of  these 
proximate  lines  was  overcome  by  using  a  pure  metal  as  one 
elei5lrode  and  another  pure  metal  as  the  other  electrode. 
The  effedt  thereby  produced  was  very  curious.  With  pure 
gold  and  pure  copper  as  the  eledlrodes,  the  gold  lines 
extend  across  only  one  half  the  Held  of  the  spedtrum,  and 
the  copper  lines  extend  only  across  the  other  half,  the 
medial  termini  of  both  sets  of  lines  being  perfectly  sharp 
and  bright.  By  this  means  a  double  spectrum  of  copper 
and  gold  is  obtained,  or,  rather,  a  sedlion  of  a  complete  gold 
speflrum  and  a  sedlion  of  a  complete  copper  spe£lrum  are 
visible  in  immediate  juxtaposition,  thereby  enabling  a  most 
accurate  comparison  of  lines,  which  in  reality  are  not 
identical  in  position,  but  which  by  the  previous  method  were 
apparently  so. 

By  a  slight  modification  of  the  experiment,  substituting 
pure  copper  as  one  etei5trode  and  an  alloy  of  silver  and  gold 
as  the  other,  the  proximate  lines  of  these  three  metals  are 
presented  mapped,  as  it  were,  on  a  natural  scale.    (Fig.  i.) 


Further  modifications  of  this  principle  suggested  them- 
selves, and  were  tried  with  indications  of  valuable  results. 

By  using  as  one  electrode  an  alloy  of  gold  and  copper  of 
comparative  fineness,  and  a  baser  alloy  of  the  same  metals 
as  the  other  eledtrode,  a  result  not  before  observed  presented 
itself.  The  lines  of  both  copper  and  gold  crossed  the  entire 
field  of  vision,  but  in  the  section  representing  the  fine  alloy. 
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the  gold  lines  were  strong  and  bright,  white  in  the  section 
representing  the  base  alloy  the  gold  lines  were  veiy  faint. 
(Fig.  2.) 


By  now  gradually  increasing  the  distance  between  the 
ele<ftrodes,  the  Faint  gold  lines  of  the  base  alloy  cease  to 
join  their  bright  counterparts  of  the  fine  metal  at  the  central 
line.    (Fig.  3.) 


The  intervening  space  is  at  first  minute,  but  as  the  elec- 
trodes are  further  separated,  the  ends  of  the  faint  lines 
gradually  recede  towards  the  outer  edge  of  the  speiftnim, 
until  they  finally  disappear  altogether. 

The  general  principle  was  thus  satisfaftorily  proved,  that 
where  two  alloys  of  different  grades  are  subjedted  to  this 
treatment,  the  gold  lines  of  the  baser  compound  are  notice- 
ably the  fainter  of  the  two,  and,  what  is  more  important, 
they  may  be  reduced  in  length  by  separating  the  poles,  until 
they  disappear. 

This  pointed  to  the  possibility  of  the  future  application  of 
spe(5trum  analysis  to  assaying,  at  least,  as  a  test  method. 
For,  if  an  alloy  of  absolute  known  fineness  were  adopted  as 
one  eledlrode,  and  an  ingot-slip  assayed  by  the  old  process 
to  an  equal  grade  of  fineness  were  insetted  as  the  opposite 
eletflrode,  in  case  the  assay  were  corretft,  the  gold  lines  in 
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both  se^ons  of  the  speArum  should  appear  of  equal 
brightness,  and,  more  especially,  should  begin  to  recede 
from  the  central  line  of  the  spedlrum  at  the  same  moment, 
and  should  disappear  at  the  same  moment. 

The  speAra  being  inevitable  natural  effeAs  of  physical 
causes,  a  variation  between  two  specimens  of  supposed 
equal  fineness  would,  in  theory,  be  necessarily  indicated  by 
the  respedlive  lines  failing  to  correspond  in  their  reciprocal 
adlion. 

A  serious  source  of  error  in  these  comparisons  was  soon 
discovered,  viz.,  that  if  one  elcArode  was  nearer  the  centre 
of  the  slit  of  the  spectroscope  than  the  other,  its  spedtral 
lines  would  appear  proportionately  longer  than  those  of  its 
vis-a-vis,  even  though  both  eleArodes  were  of  the  same  pure 
metal.  It  then  became  necessary  to  devise  a  special  appa- 
ratus for  manipulating  the  eledtrodes  when  under  exami- 
nation. This  was  construdted  by  Mr.  Samuel  James,  the 
machinist  in  the  Mint,  and  admirably  fulfilled  its  objeA. 
A  woodcut  of  it  is  appended  hereto.  Its  peculiarity  con- 
sisted in  an  automatic  combination  of  accurately  propor- 
tioned screws,  aAing  in  opposite  direAions,  by  which  a 
single  motion  of  the  hand  sufficed  to  cause  the  upper  and 
lower  eleArodes  to  approach  or  recede  from  the  central  line 
of  contaA  in  an  equal  degree.  The  eleArodes,  which  con- 
sisted of  small  strips  of  metal  cut  to  a  point,  were  held  by  a 
suitable  arrangement  on  the  outer  circumference  of  two 
metallic  rings  insulated  from  each  other,  the  upper  one 
slotted  to  receive  a  series  of  twelve  eleArodes  of  varying 
hnown  fineness,  and  revolving  horizontally,  so  that  each 
eleArode  might  in  turn  be  adjusted  to  face  a  single  elec- 
trode of  unknoum  fineness  fixed  on  the  lower  ring.  Its 
objeA  was  to  admit  of  the  eleArodes  being  separated  to  any 
desired  extent,  while  preserving  the  line  of  vision  through 
the  speAroscope,  direAed  to  the  centre  of  the  spark. 

In  regulating  the  height  of  the  instrument,  the  apparatus 
was  always  adjusted  by  passing  the  spark  between  two 
eleArodes  of  pure  gold,  so  that,  on  separating  the  points, 
the  respeAive  speAral  lines  corresponded  exaAly  in  their 
reciprocal  aAion. 

A  systematic  series  of  experiments  was  now  commenced, 
in  which  the  behaviour  of  the  more  volatile  metals  was  at 
first  studied,  viz.,  lead,  zinc,  bismuth,  tin,  antimony,  cad- 
mium, mercury,  aluminum,  &c.  All  these  give  more  decided 
speAra  than  the  less  volatile  precious  metals,  and  some 
interesting  results  were  noticed.  Approximate  illustrations 
of  some  of  these  speAra  are  appended. 
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A  very  curious  fadl  is  apparent  in  all  these  spedlra,  viz., 
the  unequal  lengths  of  the  spe<5tral  lines.  Some  of  the  lines 
of  bismuth,  for  example,  are  seen  to  extend  nearly  across 
the  field  of  vision,  while  others  appear  as  mere  points  upon 
the  edge.  Mr.  Lockyer  has  published  some  most  interesting 
investigations  upon  the  subjedt  of  these  '^  long  and  short 
lines." 

Proceeding  to  the  examination  of  gold  alloys,  and  starting 
with  base  poles, — making  the  lower  pole  250  fine  and  the 
upper  pole  500  fine,  —the  gold  lines  from  the  upper  half  were 
both  longer  and  brighter.  Now  substituting  in  place  of  the 
250  pole  one  700  fine,  the  lower  half  showed  the  brighter 
gold  lines.  Then,  changing  the  500  pole  for  one  800,  the 
brightness  of  the  gold  line  was  again  reversed.  This  alter- 
nating effedl  may  be  continued,  decreasing  in  degree  as  the 
fineness  of  the  poles  approach  more  nearly  together,  until 
both  poles  are  of  the  same  fineness,  when  the  lines  will  be 
equal  in  length  and  intensity. 

These  experiments  proved  satisfadlorily  that  comparatively 
wide  variations  in  the  composition  of  gold  alloys  were  dis- 
cernible. A  series  of  graduated  alloys,  of  more  approximate 
fineness,  was  now  prepared  at  the  Mint,  viz. — 

Gold  and  Copper.  Gold,  Silver,  and  Copper. 

938*0  940-1 

917*0  9187  ^ 

906-0  866-8 

888-3  888-0 

883-5  884-1 

876-5  883-0 

These  alloys  were  carefully  prepared,  and  assayed  closely. 

With  one  eledlrode  pure  gold  and  the  other  938  fine,  the 
difference  between  the  respe<5live  spedlra  was  of  course  very 
marked^  the  copper  lines  appearing  in  the  one  and  not  in  the 
other.  Substituting  for  the  pure  gold  the  alloy  876-5,  the 
difference  was  still  very  marked,  for,  although  both  gold  and 
copper  appeared  in  each,  the  copper  lines  were  much 
brighter  and  somewhat  longer  in  the  baser  alloy,  while  the 
gold  lines  were  brighter  and  longer  in  the  finer.  But  on 
comparing  the  alloys  876-5  and  883-5  (reducing  the  variation 
to  seven-thousandths),  it  was  both  a  surprise  and  disap- 
pointment to  find  the  visible  difference  of  result  but  slightly 
appreciable.  And  the  same  with  regard  to  the  alloys  of 
883-5  ^^^  888-3,  ^^^  ^^^  same  with  other  alloys  with  equal 
or  less  comparative  variation  of  fineness.  A  variation  of 
one- thousandth  required  an  effort  of  the  imagination,' as  well 
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as  of  the  eye,  to  deteA  any  difference  whatever.  And, 
although  the  attempt  was  made  to  map  an  apparent  difference 
between  alloys  varying  two-thousandths,  it  would  certainly 
not  have  been  a  safe  test  on  which  to  base  an  assay.  Fre- 
quent repetitions  with  changes  of  adjustment  were  tried,  the 
battery  power  varying  from  one  to  six  Bunsen  cells,  in  con- 
nedlion  with  Leyden  jars  varying  from  one  very  small  jar 
(improvised  out  of  a  test-tube)  to  fifty  large  jars,  representing 
a  metallic  superficies  of  many  square  feet,  with  variations 
of  the  distance  of  the  eledtrodes  apart,  and  with  and  without 
the  use  of  a  condensing  lens ;  but  all  these  failed  to  give 
closer  results. 

It  is  true  that  these  changes  of  conditions  produced  cer- 
tain variations  in  the  effedts  observed, — as,  for  instance,  it 
was  noticed  that  an  increase  in  the  Leyden  jar  surface 
always  lengthened  the  lines,  the  distance  between  the 
eledlrodes  and  all  other  conditions  remaining  the  same, — 
while  a  decrease  in  the  condensing  surface  had  an  opposite 
effe<5t.  Thus,  to  take  the  extreme  cases,  with  the  single 
small  Leyden  jar  above  referred  to,  and  one  cell  of  battery, 
the  lines  broke  when  the  eledtrodes  were  not  more  than  one- 
sixteenth  of  an  inch  apart,  and  disappeared  entirely  on 
separating  the  points  one- eighth  of  an  inch. 

With  fifty  Leyden  jars  and  six  cells  of  battery  it  was 
found  impossible  to  break  the  lines  at  all,  even  by  removing 
the  eledlrodes  to  the  extreme  limit  of  the  spark,  and  in  this 
case  new  lines  also  appeared. 

Other  variations  occurred — such  as  a  momentary  irregu- 
larity in  the  length  and  brightness  of  the  lines,  under  a 
strong  battery  power,  owing  to  the  unequal  aftion  of  the 
spark ;  a  difference  in  the  aAion  of  the  gold  lines  dependent 
upon  the  nature  of  the  alloy,  silver  tending  to  lengthen  them 
more  than  equal  admixture  of  copper ;  the  length  of  the 
lines  is  also  dependent  upon  the  distance  between  the  spark 
and  the  slit  (when  the  latter  is  used  without  the  intervening 
condensing  lens) ;  moreover,  the  eye  itself  is  liable  to  be- 
come confused  by  continued  comparisons  of  very  slight 
differences.  The  above,  and  other  modifications,  so  far  from 
solving  the  problem  of  close  work,  rather  indicated  possible 
sources  of  error. 

Another  element  of  the  process  suggested  itself  as  likely 
to  render  the  results  uncertain  for  the  pra<5lical  purpose  of 
assaying,  viz.,  whether  the  quantity  of  metal  vaporised,  and 
giving  the  speArum,  is  not  too  infinitesimal  to  give  safe 
results  for  a  large  melt.  This  would  be  affeAed  by  the  least 
want  of  homogeneity  in  the  metal.      This   is  a  serious 
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consideration,  and  with  the  view  partly  to  search  for  unknown 
sources  of  error  and  partly  to  ascertain  generally  the  quantity 
of  metal  operated  on  in  a  spectroscopic  assay  (should  that 
ever  be  possible)  the  following  experiment  was  tried  : — 
Having  weighed  small  eleftrodes,  averaging  eighteen  milli- 
grammes each,  with  the  greatest  possible  accuracy,  on  the 
gold  assay  balance  of  the  Mint  (which  is  sensitive  to  a 
twentieth  of  a  milligramme,  or  even  less),  and  having 
arranged  a  spark  register,  it  was  found  that  1000  sparks 
might  be  passed  between  these  poles,  each  spark  showing 
the  spedlrum  of  the  metal  distinctly,  and  yet  the  loss  in 
weight  was  too  small  to  be  made  the  base  of  calculation. 
Thus,  a  gold  pole  lost  in  weight,  after  passing  1000  sparks, 
i-ioooth  of  a  grain ;  this  gives  for  each  spark  i-i,ooo,oooth 
of  a  grain  of  gold,  producing  a  bright  spedlrum.  The 
number  was  then  increased  to  3000  sparks  as  a  test.  The 
loss  of  weight  depends  of  course  upon  the  eledlric  volume, 
and  in  the  experiments  tabulated  an  endeavour  was  made 
to  keep  the  latter  constant.  A  slight  deposit  of  the  vapor- 
ised metal  from  the  opposite  pole  takes  place  in  fine 
division,  but  this  is  easily  removed — in  the  case  of  copper 
and  gold  poles  by  dipping  the  gold  for  a  -moment  in  weak 
acid  or  by  gentle  rubbing.  The  annexed  tables,  marked  A 
and  B,  show  that  the  loss  in  weight  is  marvellously  small, 
averaging  less  than  seven-tenths  of  a  milligramme  of  gold 
for  3000  sparks.  To  give  the  amount  for  each  spark,  this 
must  be  divided  by  the  number  of  sparks ;  thus,  in  round 
numbers,  an  eledtrode  loses  i-ioooth  of  a  grain  after  passing 
3000  sparks ;  or  for  1000  sparks  i-3000th  of  a  grain,  or  for 
each  spark  i-i,ooo,oooth  of  a  grain.  The  exceedingly  small 
quantity  of  metal  thus  assayed  renders  this  process,  in  the 
writer's  opinion,  inapplicable  to  the  operations  in  the  Mint ; 
for  it  is  necessary  to  determine  gold  assays  to  the  i-io,oooth 
part  of  the  normal  assay  weight,  and  it  is  hardly  conceivable 
that  a  discrimination  to  the  i-io,oooth  part  of  the  spark 
assay  weight,  or  the  i-io,ooo,ooo,oooth  of  a  grain,  is  prac- 
tically possible.  Even  if  it  were,  it  would  not  be  proper  to 
assume  that  a  test  on  such  an  atomic  scale.would  corredlly 
represent  the  value  of  a  large  deposit,  or  even  of  gold  ingots. 
It  would  certainly  not  be  in  the  case  of  silver,  which  se- 
gregates. 

The  experiments  made  by  Cappel  to  determine  the  inini* 
mum  amount  of  each  element  that  will  show  a  spedlrum 
have  been  published  in  tabular  form.  His  method  was  to 
volatilise  "  solutions  of  the  metallic  salts  between  the  poles 
of  a  small  indudlion  coil  in  Mitscherlich's  glass  tubes  with 
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platinum  wicks.  A  series  of  solutions,  each  one  half  the 
strength  of  the  preceding  one,  were  prepared  from  a  number 
of  metallic  chlorides.  The  spedlrum  in  connexion  with  the 
positive  pole  was  continually  observed  while  increasingly 
concentrated  solutions  were  brought  in  succession  into  the 
action  of  the  spark,  until  the  lines  of  the  substance  were 
clearly  visible."  If  a  sceptical  mind  refuses  to  believe  the 
results  of  Cappel,  who  tells  us  that  i-6ooth  of  a  milli- 
gramme (1-38, Sooth  of  a  grain)  of  nickel  will  just  write  the 
signature  of  that  metal,  what  will  he  say  when,  glancing 
at'  table  B  appended  hereto,  he  finds  the  statement  that 
i-6o,oooth  of  a  milligramme  (i-3,88o,oooth  of  a  grain)  of 
nickel  will  sign  its  name  in  brilliant  characters  ?  And  yet 
the  author  does  not  hesitate  to  say  that  even  a  smaller 
amount  of  this  metal  will  show  a  spedtrum,  for  it  must  be 
remembered  that  in  these  experiments  a  much  stronger 
spark  was  used  than  was  necessary  to  show  a  visible  spec- 
trum. When  reduced  to  a  minimum,  as  was  done  in  the 
case  of  the  miniature  Leyden  jar,  which  still  gave  a  distindl 
speftrum,  the  loss  in  weight  after  3000  sparks,  for  silver, 
copper,  and  tin,  was  absohttcly  inappreciable  on  the  balance. 

The  table  of  loss  shows  another  curious  and  unexpedted 
result,  viz.,  that  the  loss  in  weight  of  the  volatile  metals 
very  slightly  exceeds,  and  in  some  cases  does  not  equal,  the 
loss  of  the  less  volatile  metals.  Thus,  in  three  different  ex- 
periments of  3000  sparks  each,  copper  loses  but  o'l  milli- 
gramme, while  gold  loses  0*5  milligramme. 

An  unexplained  anomaly  was  also  noticed  in  relation  to 
the  sensitiveness  of  the  spedlroscope  to  the  metals  present 
in  small  proportion.  Although  Mr.  Gappel  has  shown  that 
i-4000th  of  a  milligramme  of  gold  will  show  ^  spedlrum  (it 
is  even  less  than  i-6oooth  of  a  miHigramme,  according  to 
an  experiment  performed  by  the  method  described  above) 
yet  a  comparatively  large  proportion  of  gold  may  be  present 
in  an  alloy,  the  presence  of  which  will  not  be  indicated  at 
all  by  the  spedlroscope. 

In  a  slip  composed  thus — Silver  708  parts,  copper  254 
parts,  gold  38  parts — the  spedtra  of  silver  and  copper  are 
alone  visible. 

In  fadl,  in  a  base  alloy  of  gold  and  copper  containing 
from  20  to  25  per  cent  of  gold,  the  gold  spedlrum  is  barely 
visible ;  while  in  a  fine  alloy  of  gold  and  copper  it  was 
found  that  i  per  cent  of  the  latter  suffices  to  show  the 
copper  spedlrum.  Also  in  an  alloy  of  nickel  and  copper 
containing  25  per  cent  of  nickel,  its  spedlrum  is  scarcely 
visible.  Its  seems  evident,  therefore,  that  the  spark  seledts 
the  more  volatile  metal  as  its  vehicle. 
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If  the  specSlroscope  fails  to  reveal  the  presence  of  anything 
less  than  200  parts  of  gold  in  a  base  alloy,  even  a  theorist 
must  admit  that  one  could  scarcely  expedl  to  be  able  to 
discriminate  with  certainty  a  variation  of  i-io,oooth  in  a 
fine  alloy. 

For  the  foregoing  reasons,  the  conclusion  seems  inevitable, 
that  in  the  state  of  speftroscopic  science  as  it  now  exists, 
assaying  by  means  of  spedlrum  analysis  is,  for  .the  present, 
impradticable  for  the  purpose  of  Mint  operations. 

Although  these  experiments  have  resulted  negatively  from 
the  utilitarian  standpoint  from  which  they  were  undertaken, 
it  is  hoped  that  they  may  prove  not  altogether  without  value 
in  a  more  general  point  of  view.  The  fadt  that  quantitative 
proportions  of  composite  substances  may  be  recognised  at 
all,  even  to  a  rough  degree,  cannot  but  be  regarded  as  a 
first  step.  All  obsei^vations  bearing  upon  the  action  of  the 
spedlral  lines  in  indicating  such  proportions  are  at  least 
worthy  of  being  recorded.  Not  the  least  curious  of  these 
incidental  observations  is  the  fadl  that  while  the  specftro- 
scope  is  sensitive  to  the  minutest  fradlion  of  a  grain  of  gold 
in  the  pure  state  or  in  solution,  it  fails  to  reveal  the  presence 
of  a  much  larger  proportion  in  a  base  alloy.  Another  is  the 
fadl  that  while  the  spark  appears  to  selecSt  for  its  vehicle  of 
transmission  the  more  volatile  metal  in  an  alloy,  and  would 
thus  seefn  to. vaporise  a  greater  quantity  of  the  volatile  than 
of  the  non-volatile  component,  yet,  in  point  of  fadt,  the  loss 
of  weight  by  such  volatilisation  is  in  some  instances  much 
less  in  the  former  case  than  in  the  latter. 

The  rationale  of  these  apparent  paradoxes  is  not  at  present 
evident,  but  if  we  may  judge  by  former  experiences  in  which 
problems  even  more  mysterious  have  been  resolved  by  study, 
we  are  warranted  in  anticipating  that  when  a  large  number 
of  observations,  to  be  made  perhaps  by  many  experimenters 
groping  in  the  dark,  shall  be  collated,  the  true  scent  may  of 
a  sudden  be  struck  which  shall  discover  the  desideratum  of 
quantitative  spedtrum  analysis. 

Tables. 

The  first  column  shows  the  weight  of  the  metallic  elec- 
trodes in  milligrammes  before  passing  the  sparks.  Second 
column  shows  the  weight  after  passing  3000  sparks.  Third 
column  shows  the  total  weight  of  metal  volatilised  (in  frac- 
tions of  a  milligramme).  Fourth  column  shows  the  amount 
of  metal  volatilised  by  each  spark  (in  fraftions  of  a  milli- 
gramme). Fifth  column  shows  the  amount  of  metal  vola- 
tilised by  each  spark  in  fractions  of  a  grain  troy. 
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Table 

A. 

J. 

2. 

3. 

4- 

5- 

•Upper  Pole 

. .     Gold 

i6-6 

15-9 

07 

1-4286 

1-277000 

Lower     „ 

•  •        »» 

167 

160 

07 

»» 

♦  » 

Upper     „ 

. .     Copper 

x8-5 

18-4 

O'l 

1-30000 

I -1940000 

Lower     „ 

•  •          i» 

II 

ft 

o*i 

>» 

»» 

Upper     „ 

. .     Gold  Ingot 

240 

234 

0-6 

1-5000 

1-324000 

Lower     „ 

»»                ♦! 

»> 

•  1 

06 

»♦ 

♦  « 

Upper     „ 

. .     Tin 

20"0 

19*6 

0-4 

1-7500 

1-486000 

Lower     „ 

•  •       »» 

»» 

19-4 

06 

1-5000 

1-324000 

Upper     „ 

. .     Silver 

24-8 

246 

0'2 

I -15000 

1-976000 

Lower     „ 

»» 

25-1 

25-0 

O'l 

I-300CO 

I -1940000 

t  Average     . . 

. .     Lead 

91-6 

90*0 

1-6 

I-I870 

I-I2IOOO 

Table  B. 

Upper  Pole 

. .     Gold 

20*5 

20*0 

0-5 

1-6000 

1-388000 

Lower     „ 

. .     Copper 

lO'O 

99 

o-i 

z -30000 

I -1940000 

Upper     „ 

. .     Gold  Ingol 

;  2i*o 

20*4 

0-6 

1-5000 

1-324000 

Lower     „ 

. .     Copper 

20*2 

20-0 

0*2 

I-I5000 

1-976000 

Upper     „ 

. .     Silver 

6*0 

5-8 

0-2 

I-I5000 

II 

Lower     „ 

. .     Tin 

20-0 

194 

0"6 

1-5000 

1-324000 

JUpper     „ 

. .     Nickel 

I2-0 

11-95 

0-05 

1-60000 

1-3880000 

Lower     „ 

»i 

I2-0 

11*9 

O'l 

1-30000 

I -1940000 

•  The  upper  pole  usually  formed  the  positive  eled^rode. 

+  The  average  of  lead  is  given  because  the  results  varied  in  different 
experiments. 

I  The  minimum  of  metallic  nickel  producing  a  spedlrum  according  to 
Cappers  tables  is  one  six-liundredth  of  a  milligramme. 
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NOTICES     OF      BOOKS, 


Outlines  of  Cosmic  Philosophy,  based  on  the  Doctrine  of 
Evolution,  with  Criticisms  on  the  Positive  Philosophy,  By 
John  Fiske,  M.A.,  LL.B.,  Assistant  Librarian  and  formerly 
Ledlurer  on  Philosophy  at  Harvard  University,  London  : 
Macmillan  and  Co.     1874. 

The  groundwork  of  the  present  volumes  appeared  in  1869  and 
1 87 1,  in  the  form  of*a  Course  of  Ledlures  delivered  at  Harvard 
University,  and  afterwards  in  London,  Boston,  and  New  York. 
The  work  is  a  detailed  treatment  of  Mr.  Herbert  Spencer's 
**  New  Philosophy,"  and  it  contains  further  criticisms  of  the 
Positive  Philosophy,  and  some  new  matter  relating  to  the 
evolution  of  society,  and  the  conditions  of  human  progress. 
The  author  commences  by  showing  the  relativity  of  all  know- 
ledge ;  we  cannot  know  the  absolute,  only  the  relative,  for  **  we 
cannot  know  things  as  they  exist  independently  of  our  intelli- 
gence, but  only  as  they  exist  in  relation  to  our  intelligence ; " 
and,  secondly  (and  this  assertion  we  commend  to  all  free-thinkers 
and  materialists),  *^  the  possibilities  of  thought  are  not  identical 
or  co-extensive  with  the  possibilities  of  things."  If  this  were 
recognised  more  fully,  how  much  less  should  we  hear  of  those 
unfortunate  confli(5ls  between  Religion  and  Science,  of  which  we 
have  heard  a  great  deal  too  much  of  late.  Led  a  step  further, 
we  have  to  realise  that  all  knowing  is  classifying ;  that  when  we 
note  any  natural  phenomenon,  for  example,  and  believe  it  to  be 
explained,  we  have  simply  correlated  it  with  other  phenomena 
which  it  resembles.  The  elements  of  likeness,  difference,  and 
relation,  enter  into  and  limit  all  our  cognition.  The  second 
chapter  (on  **  The  Scope  of  Philosophy  ")  may  be  summed  up 
in  the  following  words  : — *^  Common  knowledge  expresses  in  a 
single  formula  a  particular  truth  respedling  a  particular  group  of 
phenomena;  Science  expresses  in  a  single  formula  a  general 
truth  respecting  an  entire  order  of  phenomena;  Philosophy 
expresses  in  a  single  formula  a  universal  truth  respe(5ling  the 
whole  world  of  phenomena.  Philosophy  therefore  remains,  as 
of  old,  the  study  of  the  Cosmos, — save  that  is  the  study  of 
phenomena  not  of  noumena,  of  evolution  not  of  creation,  of 
laws  not  of  purposes,  of  the  How  ?  not  of  the  Why  ?  "  The 
third  chapter  discusses  the  "  Test  of  Truth ; "  and  at  the 
outset  we  meet  with  a  very  concise  definition  of  truth,  although 
described  as  only  **  provisionally  defined :  " — "  Truth  fnay  be 
provisionally  defined  as  the  exa(5l  correspondence  between  the 
subje(5live  order  of  our  conceptions  and  the  objedlive  order  of 
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the  relations  among  things."  Concerning  the  methods  of 
Philosophy,  the  author  distinguishes  between  the  subjedlive  and 
the  objecftive  methods ;  the  former  belonging  to  metaphysical 
philosophy,  which  vainly  attempts  to  frame  plausible  hypotheses 
concerning  objedlives  by  purely  subjec5live  means ;  the  latter 
belonging  to  the  Cosmic  philosophy,  which  attempts  to  colledl 
into  a  universal  body  of  truth  the  generalisations  obtained  by 
Science,  and  thus  adopts  the  method  of  Science,  the  objec5live 
method.  Metaphysics  is  well  distinguished  from  Physics  in  the 
fifth  chapter : — "  A  scientific  explanation  is  a  hypothesis  which 
admits  of  verification, — it  can  be  either  proved  or  disproved ; 
while  a  metaphysical  explanation  is  a  hypothesis  which  does  not 
admit  of  verification, — it  can  neither  be  proved  or  disproved." 
Thus  our  author  considers  Newton*s  hypothesis  of  gravitation, 
and  Descartes*s  hypothesis  of  vortices,  as  stridlly  scientific  ;  for 
the  first  admitted  of  proof,  and  the  latter  of  disproof;  while 
Stahrs  hypothesis  of  a  vital  principle  was  purely  metaphysical, 
for  it  admitted  of  neither. 

In  the  chapter  on  "  Anthropomorphism  and  Cosmism  "  Dr. 
Fiske  has  some  very  pertinent  remarks  concerning  the  apparent 
antagonism  between  Science  and  Religion,  **  the  abiding  terror 
of  timid  or  superficial  minds :" — "  While  Atheism  scofTed  at 
religion,  and  denied  that  the  religious  sentiment  needed  satis- 
fadlion;  while  Positivism,  leaving  no  place  in  its  scheme  for 
religion  to  occupy,  was  compelled  by  an  afterthought  to  proclaim 
that  the  religious  sentiment  finds  its  legitimate  satisfaction  in 
the  service  of  an  idealised  Humanity;  Cosmism,  on  the  con- 
trary, assigns  to  religion  the  same  place  which  it  has  always 
occupied,  and  afiirms  that  the  religious  sentiment  must  find 
satisfaction  in  the  future  as  in  the  past,  in  the  recognition  of  a 
Power  which  is  beyond  Humanity,  and  upon  which  Humanity 
depends.  The  existence  of  God— -denied  by  Atheism  and  ignored 
by  Positivism — is  the  fundamental  postulate  upon  which  Cosmism 
bases  its  synthesis  of  scientific  truths.  The  infinite  and  absolute 
power  which  Anthropomorphism  has  in  countless  ways  solight 
to  define  and  limit  by  metaphysical -formulae,  thereby  rendering 
it  finite  and  relative,  is  the  power  which  Cosmism  refrains  from 
defining  and  limiting  by  metaphysical  formulae,  thereby  acknow- 
ledging— so  far  as  the  exigencies  of  human  speaking  and  thinking 
will  allow — that  it  is  infinite  and  absolute.  Thus,  in  the  progress 
from  Anthropomorphism  to  Cosmism,  the  religious  attitude  re- 
mains unchanged  from  the  beginning  to  the  end."  We  do  not 
remember  to  have  seen  this  view  put  in  more  forcible  and  just 
language. 

In  the  chapter  on  the  "  Classification  of  the  Sciences  "  we  are 
told  that  Astronomy  was  a  science  in  the  days  of  Hipparchos ; 
Physics  became  a  science  when  Galileo  discovered  the  laws  ot 
falling  bodies  ;  Chemistry,  when  Lavoisier  disproved  the  theory 
of  phlogiston  and  explained  the  true  principles  of  combustion ; 
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Biology,  when  Bichat  indicated  the  relations  existing  between 
the  funclions  of  organs  and  the  properties  of  tissues ;  while 
Sociology  has  at  present  become  a  science.  The  following 
complete  classification  of  the  sciences  is  finally  adopted  : — 


Abstract  Scienxes, 
Dealing  with  relations, - 
that  are — 


Qualitative     Looic. 

Quantitative Mathematics. 


Abstract-Con'crete 

Sciences, 
Dealing  v/ith  propcrtitSj 
that  are  manifested — 


Molecular  Physics. 


^In  movements  of  masses    . .     Molar  Physics. 
In  movements  of  molecules/ 
and    in    aggregations     of 
molecules  that  are  homo- 
geneous 
In  aggregations  of  molecules  |  CHEvr<iTRv 
^    that  are  heterogeneous    . .  j  ^"^mistry. 

^^em"'''..^"^^^''"''''?^  T.1  Astronomy. 


Concrete  Sciences, 
Deali n g  with  aggregates 
(with  their  properties- 
and  relations),  as  ac 
tually  exemplified — 


In  the  earth Geology. 

In  living  organisms      • .     . .     Biology. 
In  the  functions  which  adjust  \ 

organic  adtions  to  specific  I  Psychology. 

relations  in  the  environment ) 
In  the  mutual  relations    of^ 

living   organisms  grouped  I  Sociology. 

into  communities      . .     . . ) 


Dr.  Fiske  concludes  the  first  part  of  his  book  by  asserting  that 
"  the  law  of  evolution  is  the  first  generalisation  concerning  the 
concrete  universe  as  a  whole,  which  has  been  framed  in  conscious 
conformity  to  the  rigorous  requirements  of  the  obje(5\ive  method, 
and  which  has  therefore  served  to  realise  the  prophetic  dream  of 
Bacon,  by  presenting  Philosophy  as  an  organism  of  which  the 
various  sciences  are  members."  And,  finally,  he  fuses  into  one 
sentence  the  two  thoughts  (of  Plato  and  of  D'Alembert)  which 
he  places  on  the  title-page  of  the  work  : — "  To  a  thinker  capable 
of  comprehending  it  from  a.  single  point  of  view,  the  universe 
would  present  but  a  single  fac5l,  but  one  all  comprehensive 
truth ;  and  it  is  for  this  reason  that  we  call  it  Cosmos,  and  not 
Chaos." 

Part  I  (Prolegomena)  is  followed  by  Part  2  (Synthesis).  At 
the  basis  of  the  physical  sciences  lie  two  universal  propositions, 
or,  as  we  should  prefer  to  call  them,  axioms : — Matter  is 
indestructible  is  the  one,  Motion  is  continuous  is  the  other. 
"  The  fundamental  elements  of  our  conception  of  matter  are  its 
force-element  and  its  space-element,  namely,  resistance  and 
extension.  The  fundamental  elements  of  our  conception  of 
motion  are  its  force-element  and  its  space-  and  time-element, 
namely,  energy  and  velocity.  That  in  each  case  the  force- 
element  is  primordial  is  shown  by  the  fadls  that  what  we  cannot 
conceive  as  diminished  by  the  compression  of  matter  is  not  its 
extension,  but  its  power  of  resistance ;  what  we  cannot  conceive 
as  diminished  by  the  retardation  of  motion  is  not  its  velocity, 
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but  its  energy."  In  the  fourth  chapter  (on  the  **  Law  of 
Evolution  *')  we  find  some  curious  and  most  interesting^remarks 
on  the  relative  condition  of  the  molecules  of  carbon ,  hydrogen, 
oxygen,  nitrogen,  in  organic  bodies.  It  is  shown  how  the  mole- 
cules of  the  Srst-named  element  are  far  less  mobile  than  those 
of  the  others,  since  solid  carbon  has  never  been  expanded  into 
the  liquid  form  by  the  application  of  the  most  intense  heat,  while 
the  gases  hydrogen,  oxygen,  nitrogen,  have  never  been  condensed 
into  the  liquid  form  by  the  application  of  the  most  intense  cold, 
accompanied  by  extremely  high  pressures.  The  fifth  chapter 
contains  a  very  graphic  and  comprehensive  account  of  planetary 
evolution  and  the  nebular  hypothesis.  The  next  chapter  treats 
of  the  "  Evolution  of  the  Earth."  In  discussing  the  conditions 
of  thought  and  consciousness,  the  author  mentions  that  conscious- 
ness cannot  continue  for  an  instant  unless  oxygen  is  in  contadl  with 
the  grey  tissue  of  the  cerebrum  ;  that  mental  exertion  bears  a 
"  marked  ratio  "  to  the  weight  of  the  brain,  and  to  the  amount 
of  phosphorus  contained  in  it ;  and,  finally,  that  the  amount  of 
heat  evolved  by  the  cerebrum  during  the  adl  of  thinking  varies 
with  the  amount  of  mental  a(5livity  which  is  taking  place. 
^  The  do(5lrine  of  Natural  Seledlion  is  very  fully  discussed, 
and  the  chances  in  favour  of  its  being  a  true  explanation  are 
declared  to  be  as  many  thousand  millions  to  one.  When  this 
theory  is  analysed  it  is  found  to  consist  of  eleven  propositions, 
which  may  be  enumerated  as  follows  : — 

**  I.  More  organisms  perish  than  survive. 

2.  No  two  individuals  are  exadlly  alike. 

3.  Individual  peculiarities  are  transmissible  to  offspring. 

4.  Individuals  whose  peculiarities  bring  them  into  closest 

adaptation  with   their  environment  are   those  which 
survive  and  transmit  their  peculiar  organisations. 

5.  The  survival  of  the  fittest  thus  tends  to  maintain  an 

equilibrium  between  organisms  and  their  environments. 

6.  But   the   environment  of  every  group  of  organisms  is 

steadily,  though  slowly,  changing. 

7.  Every  group  of  organisms  must  accordingly  change  in 

average  charadler,  under  penalty  of  extindlion. 

8.  Changes  due  to  individual  variation  are  complicated  by 

the  law  that  a  change  set  up  in  any  one  part  of  a  highly 
complex  and  coherent  aggregate,   like   an   organism, 
initiates  changes  in  other  parts, 
g.  They  are  further  complicated  by  the  law  that  strudlures 

are  nourished  in  proportion  to  their  use. 
10.  From  the  foregoing  nine  propositions,  each  one  of  which 
is  indisputably  true,  it  is  an  inevitable  corollary  that 
changes  thus  set  up  and  complicated  must  eventually 
alter  the  specific  character  of  any  given  group  of 
organisms. 
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II.  It  is  postulated  that,  since  the  first  appearance  of  life 
upon  the  earth's  surface,  sufficient  time  has  elapsed  to 
have  enabled  such  causes  to  produce  all  the  specific 
heterogeneity  now  witnessed." 

In  a  long  chapter  devoted  to  **  The  Composition  of  Mind  " 
the  author  arrives  at  the  conclusion  that  the  mind  has  grown  in 
strength*  and  complexity  as  the  nervous  system  has  grown  in 
definiteness  and  coherence.  Next  he  traces  the  evolution  of 
mind,  and  in  discussing  this  he  clearly  points  out  that  the  opera- 
tions of  thought  profoundly  modify  the  strudlure  of  the  brain, 
even  in  the  course  of  a  few  years.  The  brain  sometimes 
increases  in  strucftural  complexity  till  the  end  of  life,  and  often 
for  many  years  after  the  age  of  25.  The  brains  of  five  very  eminent 
men,  examined  by  Wagner,  were  found  to  possess  extraordinary 
complexities  of  strudlure, — ridgings,  and  furrowings,  and  deep 
irregular  fissures.  We  are  told,  further,  that  the  cerebrum  and 
cerebellum  are  the  organs  in  which  ideal  feelings  and  thoughts 
are  generated,  and  that  they  are  made  up  of  tissues  which 
undergo  chemical  changes  with  great  rapidity.  Exception  is 
taken  to  Locke's  comparison  of  an  infant's  mind  to  a  blank 
sheet  of  paper,  upon  which  experience  writes  knowledge :  our 
author  prefers  to  regard  the  infant's  mind  as  a  sheet  written  over 
with  invisible  ink,  which  is  made  visible  by  the  developer  of 
experience.  The  remaining  chapters  of  the  second  volume — 
on  the  Evolution  of  Society^  the  Conditions  of  Progress,  the 
Intelle(5lual  and  Moral  Genesis  of  Man,  Matter  and  Spirit,  &c., 
• — indicate  a  vast  amount  of  reading,  and  a  judicial  examination 
of  the  more  important  now  before  the  world. 

The  whole  work  is  intensely  suggestive,  both  to  the  man  of 
science  and  to  the  metaphysician.  The  author  has  worked  up 
into  a  homogeneous  whole  the  more  prominent  views  of  Herbert 
Spencer,  Freeman,  Buckle,  Bain,  and  has  added  somewhat  of 
his  own.  To  those  who  wish  to  be  au  courant  with  advanced 
modem  thought,  from  Darwinism  to  Sociology,  from  the  me- 
chanical theory  of  heat  to  the  nebular  hypothesis,  the  book  will 
be  a  great  boon.  No  man  of  science  can  read  it  without  profit. 
The  fadls  are  grouped  together  in  a  clear  logical  manner,  and 
although  some  of  the  definitions  appear  to  us  to  be  quite  unne- 
cessarily complex,  the  book  cannot  be  said  to  be  overloaded  by 
metaphysical  technicalities. 


A  Treatise  on  Magnetism,  General  and  Terrestrial*  By 
Humphrey  Lloyd,  D.D.,  D.C.L.,  Provost  of  Trinity  College, 
Dublin,  formerly  Professor  of  Natural  Philosophy  in  the 
University.     London  :  Longmans,  Green,  and  Co.     1874. 

Thb  author  begins  his  treatise  by  giving  an  account  of  the 
general  phenomena  of  magnetism,  the  processes  of  magnetisa^ 
tion,  and  the  measurement  of  magnetic  force.     He  then  passes 
VOL.  V.  (N.  S.)  O 
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on  to  the  magnetism  of  all  bodies,  discovered  by  Faraday  in 
1845,  and  extended  by  Knoblaud,  Tyndall,  and  others.  It  is 
curious,  however,  that  the  fadl  that  a  piece  of  bismuth  repels  a 
magnetic  needle  was  remarked  no  less  than  a  century  ago  by 
Brugmans,  while  Lebaillif  made  the  same  observation  with 
regard  to  antimony  in  1829.  From  the  experiments  of  Tyndall 
and  Weber  we  may  conclude — 

''I.  That  all  bodies  are  polarised  under  the  a(5lion  of  a  mag- 
netic force. 

2.  That  in  soft  iron,  and  other  para-magnetic  bodies,  the 

pole  induced  in  the  side  next  the  inducing  pole  is  of  a 
contrary  kind,  and  that,  consequently,  the  body  is 
attracted. 

3.  That  in  bismuth,  and  other  dia-magnefic  bodies,  the  pole 

induced  on  the  near  side  is  of  the  same  nature  as  the 
inducing  pole,  and  that,  therefore,  the  body  is  repelledJ" 

Becquerel  has  found  that  the  specific  magnetism  of  manganese 
is  such  as  would  result  from  the  presence  of  i-ioooth  part  of  its 
weight  of  iron,  while  that  of  gold  would  result  from  the  presence 
of  I- 1 14000th  part  of  its  weight  of  iron;  but  this  latter  state- 
ment is  not  very  clear,  since  we  find  gold  given  in  the  list  of  dia- 
magnetic  bodies.  The  table  of  results  given  on  p.  63  is  of 
special  interest.  It  shows  the  quantitative  relationship  between 
various  bodies  chiefly  dia-magnetic  (  — ),  with  a  few  magnetic 
gases  (+)>  in  regard  to  absolute  force  a(5ting  on  equal  volumes 
and  reduced  to  a  vacuum.  From  this  we  learn  that  while  oxygen 
is  +i7'5>  nitrogen  is  almost  neutral  on  the  side  of  attradlion 
+0*3,  carbonic  acid  is  quite  neutral,  and  hydrogen  almost 
neutral  on  the  side  of  repulsion,  —  o*i.  Water  rises  to  — 96*6, 
sulphur  to  —  1 18*0,  and  bismuth — ^the  most  dia-magnetic  body  of 
all — to  — 1967'6. 

The  positions  of  the  four  magnetic  poles,  the  existence  of  which 
was  inferred  by  Halley,  are  given  as  follows,  the  determinations 
being  those  of  Prof.  Hausteen : — 

Latitude.  Loflgitnde. 

Stronger  North  Pole  ...  yo*"   5'  N.  99**   6'  W. 

Weaker  North  Pole  ...  85°  21'  N.  118'  39'  E. 

Stronger  South  Pole  ...  69"  26'  S.  138**  35'  E. 

Weaker  South  Pole  ...  77**  17'  S.  120*  57'  W. 

A  detailed  account  is  given  of  the  various  elements  of  the 
earth's  magnetism,  and  the  methods  of  observing  them.  The 
book  would  be  improved  by  good  drawings  of  the  various  instru- 
ments now  employed  in  magnetic  observations.  Some  useful 
Ci;rve  Tables  are  given.  The  whole  subjed^  is  treated  mathe- 
matically, and  the  book  is  a  valuable  contribution  to  our  magnetic 
literature.  It  will  be  especially  useful  to  observers  and  workers 
in  the  numerous  magnetic  observatories  which  are  now  to  be 
found  in  every  part  of  the  world. 
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Tke  Common  Frog.      By  St.  George  Mivart,  F.R.S.  &c, 
London :  Macmillan  and  Co. 

We  love  the  frog,  not  merely  when  daintily  dressed  and  served 
up  at  .table,*  but  when  enjoying  life  in  his  native  pool.  It  is 
pleasant  to  watch  him  on  a  calm  sunny  day,  as  he  rests  em- 
bowered amidst  reeds  and  wafer  lilies,  with  his  eyes  just  above 
the  surface,  contemplating  the  world  with  full  approval,  and  to 
hear  him  now  and  again  give  vent  to  his  feelings  in  a  gentle 
murmur,  all  unlike  his  no<5tumal  chorus.  Our  friend's  habit  of 
rising  to  the  surface  of  the  water  in  fine  weather,  and  of  remain- 
ing at  the  bottom  in  gloom  and  storm,  was  known  and  noticed 
by  Aristophanes,  who  represents  him  as  saying — 

**  When  the  sun  rides  in  gk>ry,  and  makes  a  bright  day,      ^ 
'Midst  lilies  and  plants  of  the  water  I  stray ; 
But  when  the  sky  darkens  with  tempest  and  rain, 
I  sink,  like  a  pearl,  in  my  watery  domain." 

The  barometric  propensity  of  the  frog  is  often  utilized  on  the 
Continent.  A  tall  glass  jar  is  filled  with  water,  and  fitted  up 
with  a  miniature  flight  of  stairs,  and  in  it  is  imprisoned  a  frog — 
very  often  the  pretty  green  tree-frog.  Those  who  have  carefully 
observed  the  movements  of  the  little  captive,  can  thence  deduce 
weather  forecasts  quite  as  trustworthy  as  those  furnished  by  the 
barometer.  Mr.  Mivart,  indeed,  awards  to  the  frog  the  title 
"  the  mart3rr  of  science.*'  "  The  frog,"  says  he,  "  is  the  never- 
failing  resource  for  the  physiological  experimenter.  It  would 
take  long  indeed  to  tell  the  sufferings  of  much-enduring  frogs  in 
the  cause  of  science.  What  1  frogs  can  do  without  their  heads  ? 
What  1  their  legs  can  do  without  their  bodies  ?  What  1  their 
arms  can  do  without  either  head  or  trunk  ?  What  is  the  effedt 
of  the  removal  of  their  brains  ?  How  can  they  manage  without 
their  eyes,  and  without  their  ears  ?  What  effed^s  result  from  all 
kinds  of  local  imitations,  from  chokings,  from  poisonings,  from 
mutilations  the  most  varied?  These  are  the  questions  again 
and  again  addressed  to  the  little  animal." 

But,  after  all,  the  frog  has  less  to  fear  from  science  than  from 
brutish  ignorance. 

**  Whene'er  we  take  our  walks  abroad, 
How  many  frogs  We  see  '*— 

not  to  Speak  of  toads  and  efts — ^which  have  evidently  been 
wantonly  tortured  to  death.  Yet,  like  his  nearest  allies,  the 
frog,  far  from  being  hurtful,  is  the  friend  of  man.  **  It  feeds," 
says  Mr.  Mivart,  **  exclusively  upon  living  animals,  such  as 
insedts  and  slugs,  which  it  catches  by  suddenly  throwing  forwards 

beyond  the  mouth  the  free  kinder  part  of  the  tongue  (furnished 

• 

*  We  can  vouch  for  the  fad  that  the  common  frog,  if  a  shad  less  delicat 
than  the  **  Cambridgeshire  nightingale,'*  is  yet,  when  properly  prepared 
**  choicely  good." 

0  Z 
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with  an  adhesive  secretion),  and  then  retracfling  it,  with  its  prey, 
in  a  most  rapid  manner.*'  This  style  of  hunting  is  carried  on  by 
the  common  frog  upon  the  ground,  and  by  the  tree-frog  up 
among  the  branches;  the  only  misfortune  being  that  not  merely 
vermin,  but  rare  and  lovely  species,  which  to  capture  gladdens 
the  heart  of  the  entomologist,  thus  come  to  an  inglorious  end. 
It  is,  by  the  way,  a  remarkable  fadl  that  the  tree-frog,  spread 
over  all  parts  of  Europe,  and  far  from  uncommon  in  the  north  of 
France  and  in  the  Channel  Islands,  is  not  found  in  Britain. 
Our  climate  certainly  opposes  no  obstacle  to  his  existence  and 
multiplication,  and  suitable  food  he  could  find  in  plenty.  His 
natural  enemies  are  not  more  numerous  in  England  than  in 
France  or  Germany.  What  cause,  then,  can  have  led  to  his 
extindlion  since  Britain  was  severed  from  the  Continent  ?  Or 
has  he  only  appeared  in  Western  Europe  since  that  event.  A 
similar  fadl,  noticed  by  the  author,  is  the  absence  of  the  land 
eft,  or  salamander.  We  are  compelled,  however,  to  differ  from 
Mr.  Mivart  when  he  pronounces  this  animal  common  throughout 
Europe.  In  the  more  eastern  parts  of  the  Continent  it  is  stridtly 
local,  being  found  in  the  greatest  plenty  in  the  Valley  of  the 
Neisse,  between  Ostritz  and  Hirschfelde.  Yet  we  have  in 
Devonshire,  Wales,  and  Cumberland,  localities  so  similar  in 
characfter  that  we  may  wonder  why  this  harmless,  though 
dreaded,*  creature  is  a  stranger  to  our  island. 

The  following  passage  will,  perhaps,  lead  some  persons  to  salu- 
tary refledlion  : — **  Many  persons  are  accustomed  to  make  much 
of  the  distincflive  peculiarities  of  the  human  frame.  In  facfl, 
however,  man's  bodily  strucflure  is  far  less  exceptional  in  the 
animal  series,  is  far  less  peculiar  and  isolated,  than  that  which 
is  common  to  frogs  and  toads." 

To  minds  of  a  higher  degree  of  culture,  the  following  sentences 
will  prove  even  more  suggestive  : — "  For  some  years,  individuals 
of  this  species  (the  axolotl  of  Mexico)  have  been  preserved  in 
the  Jardin  des  Plantes,  at  Paris,  and  a  few  years  ago  one  indi- 
vidual amongst  others  there  kept,  was  observed,  to  the  astonish*- 
ment  of  its  guardians,  to  have  transformed  itself  into  a  creature 
of  quite  another  genus — the  genus  Amblystoma, — one  rich  in 
American  species.  Since  then  several  other  individuals  have 
transformed  themselves,  but  without  affording  any  clue  as  to  the 
conditions  which  determine  this  change — a  change  remarkable 
indeed,  resulting,  as  it  does,  not  merely  in  the  loss  of  gills  and 
the  closing  up  of  the  gill  openings,  but  in  great  changes  with 
respecfl  to  the  skull,  the  dentition,  and  other  important  struc- 
tures. 

**  There  is,  moreover,  another  and  very  singular  facfl  connedled 
with  this  transformation.     It  is  that  no  one  of  the  individuals 

*  An  officious  gensd'arm  on  the  frontier  of  Bohemia  who  insisted  on  over- 
hauling our  coUedling  boxes,  fled  in  terror,  calling  upon  St.  Nepomuc  to 
protect  him  when  he  saw  a  cargo  of  salamanders. 
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transformed  (although  we  must  suppose  that  by  such  transfor- 
mation it  has  attained  its  highest  development  and  perfedlion) 
has  ever  yet  reproduced  its  kind,  and  this  in  spite  of  every  effort 
made  to  promote  reprodudlion  by  diet,  and  as  to  putting  together 
males  and  females  both  transformed,  also  transformed  males 
with  females  untransformed,  and  males  untransformed  with 
females  transformed.  Indeed,  the  sexual  organs  seem  even  to 
become  atrophied  in  these  transformed  individuals.  Moreover, 
all  this  time  the  untransformed  individuals  hav9  gone  on  bringing 
forth  young  with  the  utmost  fecundity." 

We  do  not  know  of  any  modem  observation  more  calculated  to 
stagger  a  naturalist  of  the  old  school.  The  power  of  reprodudlion 
in  every  species  was  heretofore  regarded  as  necessarily  correlated 
with  the  highest  development  and  full  maturity.  Here,  on  the 
contrary,  we  see  such  power  left  behind  as  a  species  advances 
to  perfecflion. 

The  author  suggests  the  possibility  that  the  genus  Meno- 
branchus  may  be  a  '*  persistent  larval  form,  and  which  now 
never  attains  its  adult  state.'*  These  considerations  have  an 
important  bearing  both  upon  the  genesis  and  the  extindlion  of 
species.  The  reader  will  not  fail  to  remark  that  a  current  of 
what  some  will  call  an ti- Darwinism  pervades  the  whole  work. 
In  how  far  either  the  author  or  Mr.  Darwin  is  in  the  right,  and 
whether  either  of  them  has  done  more  than  apprehend  some 
phases  of  a  truth  not  yet  revealed  to  us  in  its  entirety,  we  shall 
not  presume  to  determine.  But  we  must  point  out  that  Mr. 
Mivart's  polemic  is  stricflly  scientific,  and,  therefore,  legitimate, 
based  as  it  is  on  a  searching  morphological  and  physiological 
analysis  of  organic  forms,  and  on  a  review  of  their  mutual 
relations.  It  differs  toto  ccrlo  from  the  rhetorical  and  senti- 
mental anti-Darwinian  diatribes  which  pass  current  in  the 
pulpit,  on  the  platforms  of  young  mens'  institutes,  and  in  com- 
mercial rooms,  and  which  consists  in  little  more  than  appeals  to 
vulgar  prejudice  by  a  speaker  whose  tongue  runs  the  more 
freely  the  less  he  knows  of  his  subjedl. 

Mr.  Mivart  has  produced  a  work  which  may  be  read  with 
pleasure  and  instrudlion  by  any  person  of  decent  education,  and 
which  at  the  same  time  will  prove  suggestive  to  the  few  who 
make  the  philosophy  of  organic  life  their  special  study. 

It  is  an  able  monograph  of  the  frog,  and  something  more.  It 
throws  valuable  cross-lights  over  wide  portions  of  animated 
nature.     Would  that  such  works  were  more  plentiful. 


A  Glossary  of  Fossil  Mammalia.    By  J.  E.  Gore,  Assoc.  Inst. 
C.E.     Roorkee:  Thomason  College  Press. 

In  this  tiny  volume  of  fifty-one  pages,  the  author  gives  a  **  list 
of  fossil  mammals,  compiled  for  the  use  of  students."  The  classi- 
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fication  adopted  is  neither  geological — according  to  the  forma- 
tions in  which  the  remains  have  been  found — nor  zoological — 
according  to  their  strucflural  affinities — but  alphabetical.  The 
descriptions  are  necessarily  of  the  briefest,  and  the  localities  are 
sometimes  extremely  vague,  as,  e.g.,  "  South  America,*'  <*  North 
America,''  &c.  Controversial  points  are,  in  general,  avoided, 
though  the  author  thinks  it  '^  impossible  to  imagine  how  all  the 
different  races  of  mankind  could  have  descended  from  one  pair 
of  ancestors  in  the  comparatively  short  period  of  6000  years.'* 
The  extreme  conciseness  of  the  book  has  certainly  one  advan- 
tage :  circumstances  which  might  have  been  lost  to  the  reader 
amidst  copious  descriptions,  stand  out  here  in  startling  relief. 
Among  these  we  may  mention  the  very  small  number  of  mam- 
malian forms  whose  remains  have  hitherto  been  discovered. 
Where  so  much  has  evidently  disappeared,  no  valid  argument 
can  be  built  upon  the  non-occurrence  of  any  particular  type,  e.g., 
.  an  anthropoid  intervening  between  the  lowest  man  now  known 
and  the  highest  ape.  In  apes  our  fossil  fauna  is  remarkably 
poor.  Yet  among  the  comparatively  few  forms  which  have  reached 
us,  how  many  are  evidently  "  conne<5ling  links  "  between  groups 
now  existing  in  isolation. 

We  cannot  help  asking  whether  the  work  would  not  have  been 
more  useful  to  the  student  had  the  author  extended  his  plan  so 
as  to  include  all  the  vertebrates  ?  Even  then  it  would  have  been 
far  from  bulky.  For  the  purposes  mentioned  in  the  preface  the 
work  will  doubtless  be  useful. 


Sulphur  in  Iceland.    By  C.  Carter  Blake,  D.  Sc.    London  : 
E.  and  F.  N.  Spon. 

The  importance  of  sulphur  in  industrial  chemistry  can  scarcely 
be  conceived  by  the  outside  public.  Perhaps  if  we  say  it  plays 
a  part  in  the  chemical  arts  something  analogous  to  that  of  iron 
in  mechanical  operations,  we  may  give  some  idea  of  its  value. 
In  its  uncombined,  elementary  state,  it  is  largely  used  in  th« 
manufa(5lure  of  gunpowder.  Burnt  in  the  air,  and  thus  con- 
verted into  sulphurous  acid,  it  serves  to  bleach  woollen  goods 
and  straw.  But  it  is  in  the  form  of  sulphuric  acid,  when  com- 
bined with  the  largest  possible  amount  of  oxygen,  that  its  appli* 
cations  are  widest  and  most  important.  It  enables  us  to  decom- 
pose common  salt,  and  thus  tp  obtain  a  series  of  produ<5ls,  of 
which  soda-ash,  caustic  soda,  soda  crystals,  bicarbonate  of  soda, 
hydrochloric  acid,  bleaching-powder,  soap,  and  glass,  are  the 
most  prominent.  By  its  aid  we  a(5l  upon  certain  insoluble 
minerals,  such  as  coprolite  and  apatite,  and  convert  them  into 
valuable  manures,  or  obtain  from  them  phosphorus,  essential  to 
the  match-trade.     In  numerous  chemical  processes  we  require^ 
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it  is  true,  other  mineral  acids,  such  as  the  uitric  and  hydro- 
fluoric ;  but  before  we  can  obtain  these  in  a  separate  state  we 
must  first  have  sulphuric  acid,  which,  as  the  great  master-key 
to  Nature's  treasure-houses,  sets  them  free  from  inert  combi- 
nations. If  we  wish  to  obtain  alum,  which  has  many  honest  uses 
besides  the  questionable  part  it  is  made  to  play  in  the  hands  of 
the  baker,  we  have  again  recourse  to  sulphuric  acid.  The  very 
vegetable  acids,  such  as  the  oxalic,  generally  require  its  aid 
before  they  can  appear  in  a  stale  of  purity.  In  refining  fats  and 
oils  it  plays  a  prominent  part.  If  we  turn  to  the  tindlorial  arts, 
we  find  the  dyer  using  this  same  acid  at  almost  every  stage. 
In  short,  we  may  say  that,  from  th.e  vastest  operations  of  the 
manufadturer  to  the  most  delicate  and  minute  procedures  of  the 
analyst,  sulphur,  diredlly  or  indiredlly,  is  everywhere  present. 

The  supply  of  sulphur  becomes,  in  consequence,  a  question  of 
national  importance.  Hitherto  we  have  obtained  it  from  Sicily, 
from  Spain,  and  even  from  Mexico.  The  Mexican  deposits 
labour,  naturally,  under  the  drawback  of  inconvenient  distance. 
The  sources  in  the  Mediterranean  countries,  if  not  a(5lually  ap- 
proaching exhaustion,  have  been  very  largely  drawn  upon,  and 
the  prices  are  hence  high,  with  the  probability  of  an  increase. 
Thus,  according  to  authentic  information,  Sicilian  sulphur  costs 
on  the  spot,  ;^3  i6s.  lOd.  per  ton,  and  by  the  time  it  reaches 
England,  its  price  has  risen  to  ;^5  17  s.  4d.  At  the  same  time 
there  exist  few  richer  deposits  of  sulphur  capable  of  being 
worked  at  a  less  cost  and  much  nearer  to  our  own  coasts. 
Iceland  possesses  sulphur-beds,  compared  to  which  those  of 
Sicily  are  insignificant.  The  mineral  lies  on  the  surface,  and 
requires  merely  digging,  whilst  in  Sicily  mining  to  the  depth  of 
40  to  60  feet  is  required.  At  an  outside  estimate,  Iceland 
sulphur  can  be  delivered  in  any  English  port  at  £2  per  ton.  It 
appears  that  there  are  in  Iceland  two  principal  sulphur  regions — 
that  of  Krisuvik,  in  the  south-west,  and  that  of  Lake  Myvatn,  in 
the  north-east  of  the  island.  A  dispute  appears  to  have  arisen 
as  to  the  comparative  advantages  offered  by  these  two  localities. 
Mr.  Vincent,  in  a  paper  read  before  the  Society  of  Arts,  on  the 
15th  of  January,  1873,  appears  to  have  come  forward  as  the 
advocate  of  the  Krisuvik  deposits,  and  to  have  indulged  in  some 
geological  speculations  which  have  at  least  the  merit  of  singu- 
larity. Dr.  Blake,  in  the  pamphlet  before  us,  proves,  on  the 
most  indubitable  testimony,  the  superiority  of  Lake  Myvatn  and 
its  distri<5l  as  a  saurce  of  sulphur,  and  exposes  the  geological 
dreams  and  geographical  errors  of  his  opponent  in  a  very  out- 
spoken manner. 

To  us  it  seems  important  mainly  that  the  resources  of  that 
wonderful  island  should  be  developed,  alike  to  its  own  benefit 
and  to  that  of  our  chemical  manufacturers.  If  Mr.  Vincent  and 
his  friends  think  Krisuvik  the  best  locality,  there  is  no  reason 
vhy  they  should  not  go  to  work  accordingly*     Dr.  Blake's 
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treatise  will  do  good  service  in  drawing  the  attention  of  English 
capitalists  to  a  region  where  such  vast  stores  of  wealth  have 
been  hitherto  lying  useless. 


Elements  of  Physical  Manipulation,    By  Edward  C.  Pickering. 
Part  I.     London  :  Macmillan  and  Co. 

Treatises  on  chemical  manipulation  have  been  given  to  the 
world  by  Faraday  and  Mr.  G.  Williams,  not  to  speak  of  the 
instrudlions  on  the  subjedl  appended  to  works  on  chemical 
analysis.  But  a  systematic  manual  of  physical  manipulation 
has  hitherto  been  a  desideratum.  The  boundaries  of  the  two 
subjecfls  are  not,  indeed,  very  easily  drawn.  As  the  author  re- 
marks, "  the  objedl  of  all  physical  investigation  is  to  determine 
the  effedls  of  certain  natural  forces,  such  as  gravity,  cohesion, 
heat,  light,  and  eledlricity."  Now,  among  the  effedls  of  heat, 
light,  and  eledlricity,  chemical  changes  in  the  bodies  a(5led  upon 
form  a  very  important  part.  Thus  chemical  and  physical  mani- 
pulation must  be  to  a  certain  extent  identical.  The  chemist  is 
obliged  to  take  note  of  many  of  the  physical  properties  of  the 
substances  which  come  under  his  hands,  and  to  account  for  their 
physical  changes.  The  study  of  prolonged  light  is  an  intimate 
part  of  physics,  but  its  acflion  upon  certain  organic  acids,  and 
upon  sugars,  affords  the  chemist  valuable  means  for  their  quali- 
tative detection  and  quantitative  determination.  This,  as  a 
general  truth,  was  pointed  out  by  Comte,  who  shows  that  every 
science  supplies  methods,  or  means  of  research,  for  those  suc- 
ceeding it  in  the  scale  of  increasing  complication. 

Mr.  Pickering  begins  his  work  with  an  exposition  of  the  two 
methods — the  analytical  and  the  graphical — of  mathematically 
representing  and  examining  the  results  of  an  experiment.  In 
the  former  method  each  quantity  is  represented  by  a  letter,  and 
the  conclusions  are  then  drawn  by  algebraic  methods  and  the 
calculus.  The  graphical  method  represents  quantities  by  lines 
or  distances,  with  a  view  to  their  geometrical  treatment.  The 
former  method,  as  the  author  justly  remarks,  is  the  more  accu- 
rate, and  would  be  generally  preferable  were  it  not  for  accidental 
errors,  and  were  every  physical  law  capable  of  representation  by 
a  simple  equation.  The  graphic  method,  on  the  other  hand,  has 
the  advantage  of  speed,  and  enables  the  accuracy  of  results  to  be 
seen  at  a  glance. 

The  author  next  proceeds  to  give  instrudlions  for  physical 
measurements — the  determination  of  time,  weight,  and  distance. 
Of  these  considerations,  the  first  and  last,  though  playing 
hitherto  no  appreciable  part  in  chemistry,  are  in  physics  of  the 
highest  importance. 

Under  the  head   "general  experiments,"  we  find  valuable 
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remarks  on  the  estimation  of  tenths,  on  verniers,  on  the  inser- 
tion of  cross-hairs ;  suspension  by  silk  fibres ;  temperature  curve ; 
testing  thermometers ;  eccentricity  of  graduated  circles ;  contour 
lines  ;  cleaning  mercury ;  calibration  by  mercury ;  calibration  by 
water ;  the  cathetomer ;  the  hook  gauge ;  the  spherometer ; 
estimation  of  tenths  of  a  second ;  rating  chronometers ;  making 
weights :  method  of  weighing ;  decanting  gases,  and  their  re- 
dudlion  to  standard  temperature  and  pressure ;  standards  of 
volume ;  reading  microscopes ;  the  dividing  engine,  and  ruling 
scales. 

Successive  sedlions  then  treat  of  the  mechanics  of  solids ;  the 
mechanics  of  liquids  and  gases  ;  sound,  and  light. 

We  strongly  recommend  this  work  to  all  physical  students ; 
and  we  will  even  say,  that  now  so  much  attention  is  diredled  to 
subjedls  where  physics  and  chemistry  inosculate,  its  careful 
study  will  be  useful  to  chemists.  This  is  especially  the  case 
with  the  secftion  on  light.  A  second  volume  is  announced,  deal- 
ing  with  light  and  ele(5lricity. 


The  Chemistry  of  Fermentation  in  the  Process  of  Bread  Making. 
By  T.  Karr  Callard.     London  :  Elliott  Stock. 

The  author  of  this  pamphlet  does  not  accept  the  '<  fungoid 
theory  "  of  yeast.  He  holds  that  the  "  yeast  cells  are  simply 
vesicles  of  carbonic  acid  gas  entangled  in  the  elastic  gluten ;" 
and  the  growth  of  yeast  he  considers  as  '*  nothing  more  than 
the  conversion  of  fresh  gluten  into  its  own  condition."  What, 
then,  effecfls  the  conversion  ?  The  constituents  of  bread,  we 
are  told,  are  **  flour,  yeast,  potatoes,  salt,  and  water."  The 
mention  of  potatoes  would  certainly  have  astonished  our  fore- 
fathers, and  at  the  present  day  will  astonish  those  numerous 
families  in  the  north  of  England  who  bake  for  their  own  con- 
sumption, and  who,  be  it  remarked,  produce  bread  less  white 
and  ** fluffy'*  than  that  of  the  London  bakers,  but  sweeter,  more 
digestible,  and  free  from  the  tendency  to  turn  sour.  The  use  of 
potatoes  in  baking  is  certainly  legalised  by  A(5l  of  Parliament, 
and  cannot,  therefore,  be  technically  called  an  adulteration. 
That  it  is  necessary  the  experience  of  generations  has  abun- 
dantly disproved.  We  are  also  told  that  flour  containing  little 
gluten  is  superior  to  samples  in  which  this  constituent  is  more 
plentiful !  As  a  rule,  we  know  that  the  wheats  of  cold  climates 
are  poor  in  nitrogenous  matter,  whilst  those  of  Algeria,  Hungary, 
Italy,  and  the  Black  Sea  distridls  are  rich.  African  wheat  may 
contain  twice  as  much  gluten  as  Scotch.  We  grant  that  the 
last-mentioned  may  yield  whiter  bread,  but  we  protest  against 
colour  being  accepted  as  the  standard  of  merit  in  any  article  of 
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food,  in  place  of  flavour  and  nutritive  power.  A  certain  amount 
of  starch  is  doubtlessly  needed  to  dilute  the  gluten,  and  facilitate 
the  process  of  bread  making,  but  the  latter  is  the  blood-forming 
constituent. 

The  author's  condemnation  of  the  Kuhlman  process  for  the  de- 
tedtion  of  alum  in  bread  is  perfeaiy  just.  But  if  it  ever  has  been 
"  in  the  highest  esteem"  among  chemists,  it  certainly  is  not  so  at 
present.  To  turn  to  alumina  and  sulphuric  acid  possibly  present 
in  salt  as  a  means  of  explaining  the  occurrence  of  alum  in  bread, 
seems  to  us  rather  far-fetched. 

We  share  the  author's  regrets  that  any  baker  should  have 
been — as  it  is  intimated — convidted  wrongfully ;  but  still  more 
do  we  regret  that  hundreds  should  have  used  alum  and  other 
sophistications  all  their  lives,  and  should  have  escaped. 


Transactions  of  the  Royal  Society  of  Victoria.  Vol.  X.,  February, 
1874.     Melbourne :  Stilwell  and  Knight. 

It  is  satisfa(5lory  to  see  that  the  cultivation  of  science  is  not  entirely 
overlooked  by  the  "  Greater  Britains  "  of  the  southern  ocean* 
The  present  volume  makes  its  appearance  under  peculiar  auspices. 
A  certain  Government  grant  had  been  withdrawn  in  1868,  and 
since  that  time  there  had  been  no  funds  to  issue  any  transadlions, 
or  even  to  pay  for  the  printing  of  the  volume  which  had  last 
appeared. 

We  are  not  quite  satislied  with  this  explanation.  We  certainly 
bold  that  it  is  good  policy  on  the  part  of  Governments — as  those 
of  Germany  are,  and  have  long  been,  doing — ^to  give  every  facility 
for  the  cultivation  of  science.  We  believe  that  museums,  libraries, 
observatories,  laboratories,  founded  and  upheld  at  the  national 
expense,  will  prove  an  excellent  investment.  But,  in  default  of 
Government  aid,  great  things  may  be  accomplished  by  private 
munificence,  as  we  see  in  the  United  States.  It  is  scarcely 
creditable  that  so  flourishing,  energetic,  and  wealthy  a  com- 
munity as  Vidtoria  should  allow  the  transactions  of  its  chief 
learned  society  to  lie  unpublished  for  want  of  funds  I 

The  local  administration  has,  it  seems,  repented  at  last  of  its 
mistaken  parsimony,  and  the  present  volume  has  been  prepared 
^— under  difliculties.  Some  of  the  papers,  we  are  told,  are  alto- 
gether wanting ;  several  have  been  returned  to  their  authors : 
and  some  are  not  recoverable.  We  are  happy  to  learn  that  there 
is  **  a  prospedl  of  greater  regularity  in  the  issue  of  the  trans- 
actions for  the  future." 

Sanitary  regulations,  or  rather  their  necessity,  appear  to  be 
engaging  much  attention  at  Melbourne.  In  addition  to  a  paper 
on  the  **  Decay  of  Gaspipes  in  Certain  Soils,*'  one  on  **  Street 
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Odours,  and  Negledl  of  Ventilation  (which  appears  to  have  been 
lost),  and  one  on  the  "  Yan-Yean  Water  Supply**  (which  has 
shared  the  same  fate),  we  meet  with  an  interesting  essay  by 
S.  W.  Gibbons,  F.C.S.,  on  **  Air  and  Water  Poisoning  in  Mel- 
bourne.**  The  sanitary  state  of  this  rising  city  is  not  to  be 
rejoiced  over.  In  the  gutters  flows  a  liquid  which  is  *'  simply 
sewage,  differing  only  in  age  from  that  which  flows  in  London 
sewers.  Our  sewer  is  on  the  roadway  instead  of  under  it,  and 
the  contents  are  carried  off  more  rapidly.  Moreover,  the  gases 
it  evolves,  instead  of  being  confined  in  covered  drains,  and  smelt 
only  through  occasional  gratings,  are  here  diffused  in  the  at- 
mosphere, to  be  breathed  by  the  residents  and  passers-by,  and 
only  observed  when  they  are  more  than  usually  noisome,  as  in 
Bourke  and  Swanston  Streets,  at  night.  Then  it  is  ready-made 
pestilence.'*  Mr.  Gibbons  has  made  careful  microscopical  ex- 
aminations of  the  water  from  the  street-gutters,  and  the  results 
quite  confirm  the  foregoing  general  description.  The  people  of 
Melbourne,  it  appears,  have  the  pleasant  habit  of  flushmg  their 
cesspools  into  the  street !  These  same  cesspools  appear  to  be 
con8tru<5led  in  a  more  offensive  and  dangerous  manner  even  than 
we  have  them  in  England.  **  In  a  very  illustrative  case  that 
lately  came  under  my  notice,**  says  Mr.  Gibbons,  **  the  floor  of 
the  closet  which  joined  the  house  was  two  feet  above  that  of  the 
front  parlour.  It  was  only  emptied  when  the  contents  neared 
the  floor.  The  fermented  urine  had  eaten  its  way  through  the 
cesspit  walls,  and  had  saturated  the  ground  under  t}ie  house.** 
To  appreciate  fully  this  state  of  things,  we  must  remember  that 
the  average  temperature  is  about  xo^  F.  higher  than  that  of 
England,  and  the  supply  of  water  decidedly  less. 

Passing  to  other  subje<5ls  we  cannot  help  noticing  with  regret 
that  chemistry  finds  apparently  few  votaries  at  the  antipodes. 
Of  the  fifty-five  papers  given  in  the  index,  not  one  can  rank 
under  the  head  of  chemical  research,  and  even  technological 
chemistry  and  metallurgy  are  very  meagrely  represented.  Not 
less  do  we  deplore  the  absence  of  geological,  zoological,  and 
botanical  research.  In  a  country  so  imperfe(5lly  explored  as  is 
Australia,  we  should  think  that  men  of  an  observant  turn  of 
mind  would  feel  themselves  irresistibly  drawn  to  such  studies, 
and  that  a  rich  harvest  of  recorded  fa<5ls  would  be  the  result. 
The  quantity  of  work  which  has  to  be  done  before  the  organic 
geography  of  Australia  is  even  tolerably  complete,  and  before 
even  a  superficial  oversight  of  its  palaeontology  is  acquired,  is 
perfecSlly  immense.  How  comes  it  that  a  body  like  the  Royal 
Society  of  ViAoria  takes  sp  little  interest  in  what  may  be  called 
Um  natural  task  ? 

"  The  Classificatory  System  of  Kinship,*'  by  the  Rev.  Lorimer 
Fi««on,  is  a  most  interesting  investigation  into  the  social  arrange* 
ments  of  savs^e  man  in  pre-historic  times.  It  would  be  impos- 
sible within  our  limits  to  give  any  just  idea  of  its  contents,  but 
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we  hope  that  so  valuable  a  contribution  to  ethnology  will  appear 
in  some  form  accessible  to  the  English  public. 

A  paper  on  "  Matter,  a  Mode  of  Motion,"  ranks,  unfortunately, 
among  the  missing. 


La  Pluie  et  le  Beau  Temps.     Par  Paul  Laurbncin.     Paris : 
J.  Rothschild. 

The  appearance  of  this  book  might  be  taken  as  a  sign  that  an 
interest  in  the  state  of  the  weather,  sometimes  considered  as  an 
English  national  peculiarity,  has  spread  to  our  neighbours  across 
the  Channel.  M.  Laurencin  has  given  the  public  a  popular  and 
handy  manual  of  meteorology.  He  treats  of  the  atmosphere, 
atmospheric  h6at,  atmospheric  currents,  atmospheric  moisture  ; 
rain,  with  its  good  and  evil  effedls  ;  storms,  cyclones  ;  the  rain- 
bow ;  fine  weather ;  climates ;  the  seasons ;  prevision  of  the 
weather ;  the  moon ;  observatories ;  and  the  sanitary  effecfts  of 
rain  and  fine  weather. 

On  all  these  subjedls  he  gives  in  a  pleasant,  chatty  manner,  a 
great  amount  of  information  in  which  even  the  educated  classes 
are  often  found  wanting.  A  curious  feature  of  the  work  is  the 
quaint  old  proverbs  in  which  the  French  peasantry  have  ex- 
pressed their  traditional  weather  wisdom.  Some  of  these  are 
preferable  to  their  English  representatives.  We  say  in  thia 
country — 

**  A  rainbow  in  the  morning 
Is  the  shepherds*  warning ; 
A  rainbow  at  night 
Is  the  shepherds'  delight." 

Jacques  Bon-homme,  it  appears,  is  less  confident : — 

"  Arc-en-ciel  du  matin 
Pluye  sans  fin ; 
Arc-en-ciel  du  soir, 
II  faut  voir." 

A  very  wise  conclusion  I    The  work  is  abundantly  illustrated. 

Many  of  the  engravings  are  essential  to  a  right  understanding 
of  the  text.  But  the  views  of  sunrise  and  sunset,  and  the  cuts 
of  a  swallow,  a  cart-horse,  and  a  cat — the  latter  evidently  in  a 
very  bad  humour — can  scarcely  be  pronounced  either  useful  or 
ornamental. 

Taken  as  a  whole,  we  may  pronounce  this  manual  no  unworthy 
member  of  that  valuable  and  interesting  series  of  popular  scien- 
tific works  which  during  the  last  few  years  have  issued  from  the 
French  press. 
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Les  Rockers ;  Description  de  leurs  Elements ;  Methode  de  Deter- 
mination. Par  Edouard  Jannetaz.  Paris :  J.  Roths- 
child. 

Elementary  works  on  geology  are  plentiful  in  the  languages  of 
all  civilised  nations,  or  cultur-volker,  as  the  German  phrase 
goes.  These  manuals  give  a  description  of  the  various  rocks ; 
treat  of  their  occurrence  and  localities,  their  chemical  compo- 
nents and  organic  remains ;  their  supposed  origin  and  age,  and 
the  changes  they  are  inferred  to  have  undergone  from  volcanic 
or  from  glacial  a(5lion.  But  one  thing  is  wanting.  The  tyro, 
who  does  not  wish  to  limit  his  studies  to  books,  but  to  become 
himself  a  reader  of  the  great  stone  documents,  asks  ''  How  am  I 
to  distinguish  the  various  species  of  which  you  speak  ?"  To 
this  question  ordinary  geological  text-books  return  no  definite 
answer.  The  student  may  go  to  the  localities  indicated  for  any 
particular  formation,  and  may  there  study  its  chara(5leristic 
features,  so  as  to  recognise  it  on  any  future  occasion.  M. 
Jannetaz,  however,  endeavours  to  supply  a  diredl  answer  to  the 
question,  and  to  give  instrudlions  for  the  determination  of  rocks. 

In  the  first  part  of  the  work  we  find  a  description  of  the 
''mineral  species  most  important  from  a  lithological  point  of 
view,"  with  their  chemical,  optical,  and  physical  chara(5lers,  the 
crystalline  form  being  in  most  cases  shown  in  a  diagram.  The 
second  part  treats  of  the  rocks  themselves,  their  essential  and 
their  secondary  or  accessory  constituents.  The  se(5lion  on 
granite  g^ves  a  charadleristic  instance  of  the  manner  in  which 
this  department  is  worked  out. 

Lastly,  we  come  to  the  "  method  to  be  followed  in  the  pra(5li- 
cal  determination  of  rocks,"  a  portion  of  which  we  transcribe,  to 
give  the  reader  an  idea  of  its  nature : — 


I.  Globules 
harder     than 
the  point  of  a' 
•graver,  p.  226. 


II.    Globules 
softer,  p.  228. 


Sect.  I. — Globular  rocks  (p.  226). 

'A.  Vitreous  globules. 

B.  Crystalline  ditto. 

C.  Irregular  grains,  without  intervening  matter. 

D.  Globules  forming  mamillary  masses. 

1.  Effervescing  in  HCl,  and  not  becoming  mag- 

netic  on  charcoal. 

2.  Effervescing  in  HCl,  and  becoming  magnetic. 

3.  Not  effervescing,  but  becoming  magnetic. 

4.  Not  effervescing,  and  not  becoming  magnetic. 


Each  of  these  heads  is  then  further  extended,  until  the  clue 
followed  leads  the  enquirer  to  the  species  sought. 

We  are  perfedlly  aware  that  in  no  department  of  natural 
science  is  there  a  royal  road  to  identification  of  species.  When 
systematists  have  done  their  best,  much  will  still  be  left  to  the 
patience  and  the  ta(5l  of  the  student.     We  know  that  the  veiy 
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boundaries  of  species,  and  consequently  their  number,  are 
points  upon  which  eminent  authorities  differ.  Still,  making  all 
needful  allowance  for  such  considerations,  we  consider  that  M. 
Jannetaz  has,  by  the  producflion  of  this  little  work,  done  much 
to  smooth  the  path  of  the  student,  and  we  expecfl  that  it  will, 
by  facilitating  observation,  give  a  new  impulse  to  geological 
science. 


Causeries  Scieniifiques,    Par  Henri  de  Parville.    1873.  Paris  : 
J.  Rothschild. 

This  yearly  volume  has  for  its  objedl  to  give  an  account  of  dis- 
coveries and  inventions-— of  the  progress  of  science  and  indus- 
trial art.  But  it  does  not  consist  of  mere  extradls  from  scientific 
and  technological  journals,  and  from  the  transadlions  of  learned 
societies.  The  scientific  novelties  and  fadls  are,  of  course, 
obtained  from  a  variety  of  sources,  but  the  description  is  original. 
In  this  manner  is  produced  a  whole  much  more  readable  than 
the  English  '<  Year- Book  of  Fadls/*  and  justly  entitled  to  the 
name  it  bears — "  Science-Gossip." 

Like  all  annual  works  of  its  kind,  it  is,  as  far  as  the  stridUy 
scientific  reader  is  concerned,  open  to  the  charge  of  giving 
what  is  called  in  Scotland  <'  pipers*  news."  But  for  educated 
though  not  professional  readers  it  furnishes  a  survey  of  the  dis- 
coveries and  inventions  of  the  past  twelvemonths,  alike  fasci- 
nating and  instrudlive.  The  author  wanders  on  from  one 
subjedt  to  another  in  an  easy,  natural,  and  conversational 
manner.  In  France  it  is  not  considered  necessary  to  employ  a 
heavy  and  ungainly  style  when  writing  on  scientific  topics. 

The  Vienna  Exhibition  naturally  plays  a  prominent  part,  an 
entire  chapter  being  devoted  to  the  improved  artillery  there  dis- 
played, into  which  is  introduced  an  account  of  the  far-famed 
establishment  of  Krupp,  at  Essen.  Another  interesting  chapter 
is  occupied  with  the  researches  of  M.  Pasteur  on  fermentation, 
and  the  manufadlure  of  beer,  naturally  leading  to  the  consider- 
ation of  atmospheric  germs,  and  of  the  conditions  and  produAs 
of  decomposition.  The  effedts  of  alcohol,  dietetically  and  medi- 
cinally, are  next  examined,  and  the  dreadful  effedts  of  ^'  absinthe/' 
over  and  above  those  capable  of  being  traced  to  the  alcohol  it 
contains,  are  fully  expounded.  It  is  surprising  and  disgraceful 
that  this  diabolical  beverage  is  not  totally  proscribed  by  law  in 
all  civilised  countries.  It  is  painful  to  see  that  its  sale  is  ex- 
tending in  England,  no  one — not  even  the  temperance  party — 
uttering  a  protest. 

The  sanitary  influence  of  leaden  water-pipes  (a  subje<5l  which 
the  French  engineers  had  much  better  have  left  to  be  dealt  with 
by  chemists)  is  discussed  at  some  length. 
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We  find  an  interesting  account  of  certain  human  monstrosities 
which  have  lately  attracfled  public  attention,  such  as  the  **  dog- 
man,  Yeftichjew,  and  his  son.  It  is  remarkable  that  in  the 
human  subjedt  an  excessive  development  of  hair  is  accompanied 
by  a  defective  growth  of  the  teeth. 

The  celebrated  Guadeloupe  skeleton  has  been  assigned  by  the 
researches  of  M.  Hamy  to  an  age  between  the  first  appearance 
of  th6 '  Caribs  in  the  lesser  Antilles,  and  the  dawn  of  the  his- 
torical epoch.  When  the  Caribs  first  showed  themselves  in 
those  islands  is  still,  however,  a  very  doubtful  point. 

It  will  be  perceived  that  one  subje(5l  follows  upon  another  in 
this  work  in  a  somewhat  promiscuous  manner,  without  any 
regard  to  scientific  method.  To  meet  this  difficulty  we  find  at 
the  end  a  "  methodic  table,"  in  which  the  subjedl-matter  is 
classified  under  the  heads  of  astronomy,  physics,  mechanics,  &c. 
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MINING. 

About  a  month  ago,  Mr.  Robert  Hunt's  annual  volume  of '*  Mineral  Statistics" 
was  issued  from  the  Mining  Record  Office,  being  thus  earlier  by  nearly  a 
couple  of  months  than  tUe  corresponding  volume  for  the  preceding  year.  This 
advance  has  been  effeded  by  the  zeal  of  the  Keeper  of  Mining  Records,  coupled 
with  a  readiness  on  the  part  of  most  of  our  mine-holders  to  respond  to  his 
solicitations.  Indeed,  so  far  as  the  colledion  of  the  colliery-statistics  goes, 
matters  stand  precisely  as  they  did  last  year ;  that  is  to  say,  the  returns  de^ 
manded  by  the  Coal  Mines'  Regulation  Ad  never  come  within  sight  of  the 
Keeper  of  Mining  Records,  and,  consequently,  a  special  application  has  to  be 
made  to  each  coal-owner  for  the  purpose  of  eliciting  the  needful  information 
bearing  upon  the  position  of  our  coal-produdion.  Even  as  regards  the  metal- 
liferous mines,  the  compulsory  returns,  furnished  in  compliance  with  the  Ad« 
contain  merely  the  quantity  of  ore  raised ;  hence  the  percentage  of  metal,  and 
the  market  value  of  the  ore,  have  to  be  sought  in  other  diredioils.  From  one 
source  and  another,  however,  Mr.  Hunt  manages  to  bring  together  a  vast  body 
of  valuable  information  in  his  Statistical  Annual,  and  this  with  the  best 
possible  guarantee  that  the  information  may  be  taken  to  stridly  represent  the 
true  position  of  our  mineral  industries.  The  results  of  his  labours  during  the 
past  year  may  be  epitomised  in  the  following  conspedus,  which  shows  at  a 
glance  the  amount  and  value  of  the  mineral  produce  of  the  United  Kingdom  in 

Tons.       Cwtt.  Valoe. 

Coal       ♦     ..  127,016,747  o  ;£  47,631,280 

Iron  ore         i5»577»499  o  7»573»676 

Copper  ore 80,188  10  342,708 

Tin  ore 14*884  17  x«056,835 

Lead  ore       73t50o  10  1,131,907 

Zinc  ore 151969  o  61,166 

Iron  pyrites 58f924  3  35f485 

Arsenic          5*44^  17  22,854 

Bismuth 14  68 

Cobalt 06  12 

Manganese 8,671  6  57«766 

Ochre  and  Umber 6,368  8  SA^o 

Wolfram 49  19  526 

Clays,fine  and  fire,  and  shale  \  _  „.^  ,^^^  ^  ^^-.  ,^ 

(estimated)                          }  i.75o,ooo  o  656,300 

Salt 1,780,000  o               892,500 

Barytes 10,269  ^i  7^993 

Other  earthy  minerals  (esti-  •  ,  ^^^^ 

mated)                                 '               "~  3.ooo 

Total  value  ..     ..        ;C59»479i4^ 

At  a  recent  meeting  of  the  Royal  Geological  Society  of  Cornwall,  Dr.  C. 
Le  Neve  Foster,  Inspedor  of  Metalliferous  Mines  for  the  West  of  England, 
read  a  paper  on  the  Lode  at  Wheel  Mary  Ann,  near  Liskeard.  This  lode  offers 
peculiarities  of  strudure  which  deserve  careful  study  by  the  mining  geologist, 
for  the  sake  of  the  light  which  they  seem  to  throw  upon  the  succession  of 
changes  that  must  have  occurred  in  some  of  our  mineral  deposits.  From  Dr. 
Foster's  observations  underground,  and  on  specimens  taken  from  various  parts 
of  the  vein,  he  has  been  enabled  to  deduce  the  following  history  of  its  formation. 
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fissure  was  first  formed,  accompanied  probably  by  a  shifiing  of  the  strata,  so 
that  a  number  of  open  spaces  were  left,  and  inio  some  of  these  cavities  frag- 
ments of  the  walls  would  eventually  fall.  These  fragments  were  cemented 
into  a  breccia  by  the  subsequent  deposition  of  the  cab,  a  sort  of  hornstone, 
which  more  or  less  completely  filled  up  the  fissure.  At  a  later  date  the  fissure 
was  reopened,  and  lined  with  successive  layers  of  quartz,  galena,  carbonate  of 
iron,  and  calc-spar,  together  with  fragments  of  the  walls  and  of  the  prior- 
formed  vein-stuff. 

As  it  is  of  first  importance  to  encourage  habits  of  accurate  observation 
among  the  young  men  engaged  in  our  mininor  industries,  we  gladly  call  atten- 
tion to  a  very  creditable  paper  by  Mr.  A.  K.  Barnett,  of  Penzance,  in  which  he 
offers  some  observations  on  the  mineialogical  and  physical  characters  of  the 
Elvan  courses,  the  greenstones,  and  the  sandstones  of  Cornwall,  with  remarks 
on  their  associated  minerals.  This  paper,  accompanied  by  a  map  of  Cornwall, 
showing  the  Elvans  and  other  intrusive  rocks,  is  published  in  the  last  *'  Report 
of  the  Royal  Cornwall  Polytechnic  Society."  It  is  well  known  that  the  Elvan 
courses  arc  intimately  connecfled  with  the  copper  and  tin  lodes,  on  which  they 
are  generally  believed  to  exert  a  beneficial  infiuence,  bunches  of  ore  being 
frequently  found  at  their  intersedlion  with  the  veins.  A  large  number  of  the 
Elvans  were  examined  by  Mr.  Barnett',  who  obtained  a  sufficiently  fine  col- 
ledlion  of  specimens  to  receive  the  Polytechnic  Society's  medal. 

Whilst  cross-sedlions  of  individual  mines  are  frequently  made,  one  does  not 
often  have  an  opportunity  of  seeing  general  transverse  sedlions  showing  the 
connedion  of  one  mine  with  another,  such  as  those  recently  prepared  by 
Captain  Maynard,  of  East  Pool  Mine,  and  described  by  him  in  the  '*  Report  of 
the  Cornwall  Polytechnic  Society."  By  studying^hese  sedions,  some  of  which 
are  carried  over  s^eral  miles,  and  comprise  a  number  of  mines  in  their  course, 
many  fadls  are  brought  out  which  would  probably  be  lost  sight  of  in  the  study 
of  sedlions  which  represent  only  individual  mines. 

In  a  paper  on  the  **  Geology  of  North  West  Lincolnshire,"  recently  rca^ 
before  the  Geological  Society  by  the  Rev.  J.  E.  Cross,  the  position  of  the  Lin- 
colnshire iron  ore,  which  of  late  years  has  been  largely  worked  near  Froding- 
ham  and  Scunthorpe,  was  carefully  examined,  and  its  geological  horizon  defi- 
nitely determined  by  palseontological  and  stratigraphical  evidence.  It  appears 
that  this  iron  ore  occurs  in  the  lower  part  of  the  Lower  Lias,  in  the  zone  of 
Ammonite  semicostaUis.  It  is  therefore  much  lower  in  the  geological  series 
than  the  celebrated  Cleveland  ironstone,  which  occurs  in  the  Marlstone  or 
Middle  Lias.  Possibly  the  ironstone  worked  at  Caythorpe,  near  Grantham, 
may  lie  on  the  same  geological  horizon  as  the  Frodingham  ore. 

A  series  of  papers  on  the  iron  industries  of  this  country  is  in  course  of  con- 
tribution to  the  **  Mining  Journal,"  by  Mr.  Richard  Meade,  Assistant  Keeper 
of  Mining  Records.  The  series  commences  with  an  article  on  the  ironstones 
of  Northamptonshire,  and  the  history  of  iron  smelting  in  that  country.  From 
the  writer*s  position  in  the  Mining  Record  Office,  the  statistical  information  in 
these  articles  will  be  in  the  highest  degree  trustworthy. 

METALLURGY. 

The  present  position  of  our  metallurgical  industries  is  well  shown  in  the 
following  general  summary  of  the  quantities  and  value  of  the  several  metals 
obtained  from  ores  raised  in  Great  Britain,  during  the  year  1873,  according  to 
the  statistics  recently  published  by  Mr.  Robert  Hunt : — 

Quantity.  Value. 

Pig-Iron Tons  6,566,451  £18,057,739 

Tin ,,  9.972  1,329,766 

Copper       „  5,240  502,822 

Lead „  54i235  1.263,375 

Silver Ounces  537,707  131,077 

Zinc Tons  4,471  120,099 

Other  metals  (estimated)  —  5,000 

Total  value  ;f  2 1,409,873 
VOL.  V.  (rf.s.)  P 
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Some  beautiful  bronzes  from  China  and  Japan,  remarkable  for  their  fine  dark 
patina,  contrasting  strikingly  with  the  silver  work  with  which  they  were  inlaid, 
have  been  examined  by  M.  Henri  Morin,  of  the  Conservatoire  des  Arts  et 
Metiers.  His  results  have  been  laid  before  the  Academy  of  Sciences  of  Paris, 
and  are  reproduced  in  the  *'  Annales  de  Chimie  et  de  Physique."  M.  Morin 
finds  that  all  these  bronzes  contain  lead,  the  amount  in  some  cases  rising  to 
upwards  of  20  per  cent.  As  the  proportion  increases  with  the  intensity  of  the 
patina,  it  is  inferred  that  this  patina  is  due  to  the  adlual  composition  of  the 
alloy,  and  not  to  any  external  application.  All  the  specimens  contain  zinc, 
and  in  one  group  the  proportion  of  this  metal  rose  to  6  per  cent  of  the  alloy. 
From  some  synthetic  researches  M.  Morin  is  enabled  to  give  the  following 
recipe  for  the  production  of  a  bronze  strongly  resembling  the  finest  produ&ions 
of  China  and  Japan : — Copper,  83  ;  lead,  10 ;  tin,  5 ;  zinc,  2. 

Nickel-plating  has  of  late  been  very  popular  in  this  country,  the  metal  being 
generally  deposited,  we  believe,  from  a  double  sulphate  of  nickel  and  an 
alkali.  Messrs.  Baker  and  Unwin,  of  Sheffield,  have  recently  patented  an 
invention  for  the  eledlro-deposition  of  nickel,  their  improved  solution  con- 
sisting of  nickel  oxide,  and  an  alkali  or  mixture  of  alkalies,  dissolved  in 
tartaric  acid.  The  following  proportions  are  found  convenient : — 100  lbs.  of 
nickel,  and  67  of  cream  of  tartar ;  or  100  lbs.  of  sulphate  of  nickel,  53  lbs.  of 
tartaric  acid,  and  14  lbs.  of  caustic  soda. 

Under  the  name  of  Galenite  M.  J.  David,  of  Paris,  has  patented  a  compound 
of  lead,  prepared  from  galena,  to  be  used  as  a  substitute  for  white-lead  and 
red-lead.  The  powdered  galena  is  roasted,  at  a  low  red  heat,  in  open  retorts, 
and  the  sulphide  is  thus  oxidijsed  into  sulphate  of  lead :  this  produd,  having 
been  ground  in  water,  is  dried,  and  introduced  into  commerce  as  galenite. 
The  name  appears  to  be  very  badly  chosen,  as  some  mineralogists  are  in  the 
habit  of  applying  it  to  the  native  sulphide,  in  order  to  bring  the  word  '*  gsdena/' 
into  harmony  with  most  other  mineral  name?. 

It  is  worth  recording  that  Dr.  Reichardt,  of  Jena,  has  been  led  to  conclude 
that  the  presence  of  even  a  very  small  proportion  of  silicon  in  platinum  may 
confer  considerable  brittleness  upon  this  metal.  A  platinum  vessel  used  in 
distilling  oil  of  vitriol  was  found  to  be  extremely  crystalline  and  brittle, 
although  new,  and  on  analysis  the  following  composition  of  the  metal  was 
obtained: — Platinum,  99*43;  copper,  0*473;  iron,  coi ;  silicon,  0*03.  The 
brittleness  is  referred  not  to  the  copper  in  the  iron,  but  to  the  small  proportion 
of  silica. 

MINERALOGY. 

At  Spring  Creek,  near  the  town  of  Beechworth,  in  Vidloria,  there  are  found 
— and,  so  far  as  we  know,  found  there  only — certain  mineral  strudlures  known 
popularly  as  "  water-stones,"  and  scientifically  as  Enhydros,  These  peculiar 
bodies  are  irregular  polyhedra,  of  chalcedony,  having  a  hardness  equal  to  that 
of  topaz ;  in  some  cases  dark  brownish-yellow  and  nearly  opaque,  and  in 
others  colourless  and  transparent.  They  are  generally  hollow,  and  enclose  a 
liquid  wjth  a  movable  bubble,  like  the  air-bubble  in  a  spirit-level.  The  en- 
closing shell  is  usually  thin,  and  either  smooth  on  the  inside  or  encrusted 
with  quartz.  In  the  recently-published  part  of  the  '*  Transadions  of  the 
Royal  Society  of  Vidloria  "  will  be  found  two  papers  descriptive  of  these 
enigmatical  bodies.  One  of  these  papers,  by  Mr.  J.  £.  Dunn,  describes  the 
geolog^ical  occurrence  of  the  Enhydros  in  granite  and  Silurian  sandstone,  at 
Spring  Creek ;  whilst  the  other  paper,  by  Mr.  G.  Foord,  discusses  the  physical 
strudure  of  the  stones  and  the  chemical  nature  of  the  enclosed  liquid.  This 
liquid  appears  to  be  a  weak  saline  solution,  consisting  of  water  with  a  small 
proportion  of  the  chlorides  and  sulphates  of  sodium,  magnesium,  and  cal- 
cium ;  and  it  is  believed  that  a  soluble  form  of  silica  is  also  present. 

In  compliment  to  Prof.  Dawson,  Principal  of  McGill  College,  Montreal,  the 
name  DawsonUe  has  been  bestowed  upon  a  new  mineral  species,  found  in  the 
joints  of  a  trachytic  dyke,  near  the  western  end  of  the  College.  This  mineral 
has  been  studied  by  Dr.  Harrington,  the  chemist  and  mineralogist  to  the 
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Geological  Survey  of  Canada,  who  has  recently  described  it  in  the  **  Canadian 
Naturalist."  Dawsonite  is  a  white,  transparent,  or  translucent  mineral,  with 
a  bladed  structure,  believed  to  crystallise  in  the  monoclinic  system.  Two 
analyses  revealed  a  remarkable  composition,  seeming  to  show  that  the  mineral 
might  be  regarded  as  *'  a  hydrous  carbonate  of  alumina,  lime,  and  soda ;  or 
perhaps  a  compound  consisting  of  a  hydrate  of  alumina  combined  with  car- 
bonates of  lime  and  soda."  If  the  existence  of  a  native  carbonate  of  alumina 
be  admitted,  the  mineralogist  will  have  no  difficulty  in  understandinfs;  the  com- 
position of  Hovite — a  mineral  described  by  Messrs.  J.  H.  and  G.  Gladstone, 
in  the  "  Philosophical  Magazine  "  for  1862.  It  was  suggested  that  Hovite 
might  be  a  double  carbonate  of  alumina  and  lime  ;  but  there  has  been  some 
hesitation  in  accepting  this  suggestion,  as  chemists  are  not  acquainted  with  a 
definite  carbonate  of  alumina,  or  at  least  the  existence  of  such  a  compound, 
as  a  laboratory  produdfc,  seems  doubtful. 

A  mineral,  reputed  to  occur  in  rather  large  quantity  near  the  town  of 
Noumea,  the  capital  of  New  Caledonia,  has  been  examined  by  Prof.  Liver- 
sidge,  of  Sydney,  whose  results  have  been  published  in  the  **  Journal  of  the 
Chemical  Society/'  The  mineral  is  a  soft,  amorphous  substance,  of  a  fine 
apple-green  colour,  occurring  with  chrome  iron-ore  and  steatite,  in  veins  tra- 
versing serpentine  rock.  It  appears,  from  Prof.  Liversidge's  analyses,  to  be  a 
hydrous  silicate  of  magnesium  and  nickel.  We  understand  that  the  species 
is  to  be  called  Noumeite. 

Some  mineralogical  notes  have  been  communicated  to  Leonhard  and 
Geinitz's  "  Neues  Jahrbuch,"  by  Dr.  August  Frenzel,  who  describes,  among 
other  minerals,  a  new  species  from  Schneeberg,  in  Saxony,  to  be  called 
Miriquidite — a  name  referring  to  the  old  Miriquidi  forest,  which  formerly 
stretched  over  the  whole  Saxon  Erzgebirge.  The  new  mineral  crystallises  in 
the  rhombohedral  system,  and  contains  oxide  of  lead,  peroxide  of  iron,  water, 
and  arsenic  and  phosphoric  acids ;  but  a  quantitative  analysis  has  not  yet 
been  made, 

Among  some  Russian  minerals  Frenzel  has  observed  a  specimen  of  native 
platinum  in  grains  which  were  strongly  magnetic.  On  analysis  they  were 
found  to  contain  76*97  per  cent  of  platinum,  and  10*97  ^^  i''<>'>* 

The  extremely  rare  mineral  to  which  Levy,  many  years  ago,  gave  the  name 
of  RoselitCt  in  honour  of  the  late  Gustav  Rose,  has  been  recently  monographed 
by  Prof.  Schrauf,  of  Vienna.  On  a  previous  occasion  we  called  attention,  in 
these  pages,  to  the  recent  discovery  of  this  rare  species  at  Schneeberg,  in 
Saxony.  The  Daniel  mine  there  has  yielded  some  very  fine  examples,  which 
have  been  thoroughly  examined  physically,  crystallographically,  and  chemi- 
cally, by  Prof.  Schrauf,  whilst  they  have  also  been  analysed  by  Dr.  C.  Winkler, 
of  Freiberg. 

Prof.  Tschermak,  of  Vienna,  has  recently  studied  some  of  the  remarkable 
meteoric  masses  found  at  Ovifak,  in  Greenland,  and  has  published  the  results 
of  his  studies  in  the  last  part  of  his  "  Mineralogische  Mittheilungen."    This 


origin. 

In  the  last  part  of  the  **  Mittheilungen"  Mr.  E.  S.  Dana,  of  New  Haven, 
U.S.,  publishes  the  results  of  his  morphological  studies  of  the  specimens  of 
atacamite,  or  oxychloride  of  copper,  from  the  Wallaroo  mines,  South  Australia, 
now  in  the  Imperial  Cabinet  at  Vienna. 

Microscopic  mineralogy  has  come  to  be  pursued  almost  as  aAively  in  this 
country  as  in  Germany.  Mr.  Allport,  of  Birmingham,  has  recently  recorded, 
in  the  '*  Geological  Magazine,"  the  occurrence  of  Nosean  in  the  phonolite  of 
the  Wolff  Rock — a  rock  which  rises  from  the  sea  between  the  western  ex- 
tremity of  Cornwall  and  the  Scilly  Isles.  This  is  the  first  time  that  the 
mineral  species  nosean  has  been  discovered  in  this  country.  Prof.  Hull,  of 
Dublin,  has  published  a  paper  on  the  struAure  of  the  beautiful  dark  green 
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porphyritic  rock  which  occurs  on  Lambay  Island,  off  the  coast  of  Dublin. 
Nor  should  we  forget  a  paper  of  considerable  merit  which  has  recently  been 
communicated  to  the  Geological  Society  by  Mr.  J.  Clifton  Ward,  of  the 
Geological  Survey.  In  this  memoir  the  author  compares  the  microscopic  and 
mineralogical  composition  of  the  modern  lavas  of  Vesuvius  with  that  of  some 
of  the  old  Welsh  felstones,  and  of  the  eruptive  rocks  of  the  Cumberland  Lake 
District.  He  finds  that,  as  a  rule,  the  Cumbrian  rocks  are  intermediate  in 
chemical  and  mineralogical  composition  between  the  felstones  on  the  one  hand 
and  the  dolerites  on  the  other,  whence  he  proposes  to  term  them  feUi-dolerites. 
Among  foreign  papers  recently  published  we  may  refer  to  Prof.  Mohl's 
"  Mikromineralogische  Mittheilungen,"  in  which  he  describes  some  German 
basalts,  and  certain  eruptive  rocks  from  Java,  Flores,  and  Arden  ;  Baronowski's 
paper  on  the  mineralogical  and  chemical  composition  of  granite-porphyries ; 
and  Kalkowsky's  memoir  on  the  augitic  felspar-porphyry  near  Leipzig. 
Finally,  we  may  observe  that  a  valuable  monograph,  entitled  "  Die  Krystal- 
liten,"  has  recently  been  published  as  a  posthumous  work  of  Prof.  Vogelsang, 
under  the  editorial  care  of  his  brother-in-law,  Prof.  Zirkel,  of  Leipzig. 

In  the  admirable  course  of  ledures  on  Crystallography  now  being  delivered 
in  London,  by  Prof.  N.  S.  Maskelyne,  an  attempt  is  made  to  elucidate  the 
Millerian  system,  which,  to  many  English  mineralogists,  seems  to  require  a 
greater  amount  of  mathematical  knowledge  than  the  old  and  well-known 
system  of  Naumann.  As  we  have  so.  few  writings  upon  Prof.  Miller's  system, 
except  his  own,  the  student  may  be  glad  to  know  that  a  capital  outline  of  its 
principles  has  been  published  hy  the  Smithsonian  Institution  in  their  last 
Report.  The  Essay  to  which  we  refer  is  translated  from  the  German  "of 
Aristides  Brenzina,  by  Prof.  Egleston. 

GEOLOGY. 

Foreign  Geology. — It  is  interesting  to  know  that  a  Geological  Survey  is  in 
progress  in  Japan.  A  preliminary  report  on  the  first  season's  work  has  been 
issued  by  the  Chief  Geologist,  Mr.  B.  S.  Lyman,  an  American  Mining  Engineer. 
It  relates  to  the  Island  of  Yesso.  Among  his  assistants,  Mr.  Lyman  speaks 
favourably  of  eleven  Japanese,  who  are  the  first  Asiatics  to  undertake  the 
study  and  pradlicc  of  geolog>'.  The  formations  determined  consist  of  a 
variety  of  volcanic.  Tertiary,  crystalline,  and  other  rocks  ;  at  present  they  have 
been  for  the  most  part  classified  according  to  certain  systems  of  disturbance. 
The  useful  minerals  and  rocks  noted  are  coal,  limestone,  ironsand,  sulphur, 
gold,  rock-tar,  silver,  lead,  zinc,  manganese,  and  copper. 

Dr.  Feistmantel  has  noticed  the  occurrence  of  workable  coal-beds  in  Bo- 
hemia of  Permian  age.  The  lower  part  of  the  series  contains  the  coal-seams, 
but  both  the  upper  and  lower  beds  contain  plants  *usually  considered  typically 
Carboniferous,  e.g.,  Stigmaria  ficoides,  and  species  of  Sigillaria,  Pecopteris, 
CalamiteSj  &c.  The  Permian  coal-beds  are  separated  from  the  Carboniferous 
beds  below,  by  shales  with  charadleristic  Permian  animal  remains.  These 
Bohemian  lower  Permian  beds  may  be  paralleled,  according  to  Dr.  Feistmantel, 
with  the  beds  containing  Archegosaurns  in  the  Saar  and  Rhine  district,  which 
he  also  considers  as  Dyas,  and  which  lie  upon  the  true  Saarbrijcken  coal- 
measures. 

The  coal-bearing  beds  of  Sweden,  referred  to  in  a  recent  report  by  Dr.  Erd- 
mann,  are  of  Jurassic  a<;e,  but  the  precise  horizon  to  which  they  belong  is  not 
quite  settled.     Prof.  Hebert  considers  them  of  the  age  of  the  Lias. 

Among  the  fossils  are  Ambjiidesma  donaciforme^  Avicula  inaquivalvisy 
Pecopteris,  and  Cycads.  Prof.  Torell  notices  the  affinity  of  the  flora  to  that 
of  the' Yorkshire  Jurassic  beds,  and  mentions  the  occurrence  of  SoUnitcs  Mur^ 
ray  ana. 

The  relations  between  the  Cretaceous  and  Tertiary  strata  in  the  United 
States  have  been  the  cause  of  considerable  difference  of  opinion.  The  officers 
of  the  Geological  Survey  have  lately  take  up  the  subjeA:  Profs.  Leidy  and 
Cope,  through  the  extindt  Vertebrate  fauna ;  Mr.  Lesquereux,  through  the 
Fossil  flora ;  and  Mr.  F.  B.  Meek,  through  the  study  of  the  Invertebrata. 
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The  study  of  the  fauna  and  flora  of  these  different  formations  in  different 
distrids  yields  somewhat  discrepant  results ;  and  there  appears  to  be  no 
alternative  but  to  accept  the  conclusion  that  a  Tertiary  flora  was  contem- 
poraneous with  a  Cretaceous  fauna,  establishing  an  uninterrupted  suc- 
cession of  life  across  what  is  generally  regarded  as  one  of  the  greatest  breaks 
in  geologic  time. 

Paleontology. — Mr.  L.  C.  Miall  presented  to  the  Geological  Sedlion  of  the 
British  Association  at  Belfast,  a  Tabular  View  of  the  Classification  of  the 
Labyrinthodonta,  which  was  divided  into  ten  sedlions.  Forty-two  genera  and 
126  species  are  now  known.  Some  of  these  animals,  in  their  mode  of  life, 
appear  to  have  been  fish-like.  Some  resembled  serpents,  others  crocodiles, 
whilst  those  of  Kilkenny  appear  to  haye  been  salamanders. 

Mr.  W;)terhouse  Hawkins  has  recently  expressed  his  opinion  that  the 
Iguanodon  was  a  marsupial  animal. 

Remains  of  the  Lemming  have  been  found  in  lacustrine  brick-earth  at 
Salisbury,  associated  with  bones  of  the  Mammoth. 

Prof.  Rupert  Jones  records  the  occurrence  of  Gyrogonites  (fossil  seed-vessels 
of  Chara)  in  the  London  clay  of  Islington.  He  also  adds  Cythere  plicata  to 
the  known  fauna  of  the  London  clay. 

Lythology. — The  study  of  rocks  has  of  late  become  a  popular  one,  and  many 
important  observations  have  been  made. 

A  detailed  examination  of  the  Cumbrian  ash-rocks  has  convinced  Mr.  J. 
Clifton  Ward  that,  in  many  cases,  most  intense  metamorphism  had  taken 
place,  that  the  finer  ashy  material  had  been  partially  melted  down,  and  a 
kind  of  streaky  flow  caused  around  the  larger  fragments.  •  There  was  every 
transition  from  an  ash-rock,  in  which  a  bedded  or  fragmentary  structure  was 
clearly  visible,  to  an  exceedingly  close  and  flinty  felstonc-likc  rock,  undistin- 
guishablc  in  hand  specimens  from  a  true  contemporaneous  trap.  Such  altered 
rocks  were,  however,  quite  distincfl  in  microscopic  strudure  from  the  undoubted 
lava-flows  of  the  same  distrid,  and  often  distindl  also  from  the  Welsh 
felstones,  'although  some  were  almost  identical  (microscopically)  with  the 
highly  altered  ashes  of  Wales,  and  together  with  them  resembled  the 
felstone-lavas  of  the  same  countr>'.  This  metamorphism  among  the  Cum- 
brian rocks  increases  in  amount  as  the  great  granite  centres  are  approached ; 
and  it  was  believed  by  the  author  that  it  took  place  mainly  at  the  com- 
mencement of  the  Old  Red  period,  when  the  rocks  in  question  must  have  been 
buried  many  thousands  of  feet  deep  beneath  the  Upper  Silurian  strata ;  and 
when  probably  the  Eskdale  granite  was  formed,  perhaps  partly  by  the  extreme 
metamorphism  of  the  volcanic  series  during  upheaval  and  contortion.  The 
author  stated  his  belief  that  the  Cumbrian  volcanoes  were  mainly  subaerial, 
since  some  12,000  feet  of  ash  and  lava  beds  had  been  accumulated  without 
any  admixture  of  ordinary  sedimentary  material,  except  quite  at  the  base,  con- 
taining scarcely  any  conglomeratic  beds,  and  being  destitute  of  fossils.  He 
believed  also  that  one  of  the  chief  volcanic  centres  of  the  district  had  been 
the  present  site  of  Kenwick,  the  low  craggy  hill  called  Casile  Head  repre- 
senting the  denuded  stamp  or  plug  of  an  old  volcano. 

Prof.  Hull  has  described  the  microscopic  strudure  of  a  porphyry  from  the 
Island  of  Lambay,  a  tew  miles  to  the  north  of  Dublin  Bay.  The  order  in  which 
the  different  minerals  seem  to  have  been  formed  is  as  follows: — Firtit,  during 
consolidation,  the  crystals  of  orthoclase  ;  next,  the  crystalline  grains  of  mag- 
netite ;  and  lastly,  the  felsitic  base  itself.  Then,  after  consolidation,  chlorite, 
calcite,  and  pyrites. 

Researches  upon  the  thermal  condudivity  of  certain  rocks  have  been  made 
by  Prof.  A.  S.  Herschel  and  Mr.  G.  A.  Lebour.  Among  these,  granite  has 
been  found  to  offer  the  least  resistance  to  the  passage  of  heat,  and  coal  the 
greatest.  Shale  comes  next  below  coal ;  but  between  these  two  and  basalt 
there  is  a  gap  of  considerable  extent.  Between  basalt  and  granite  come  all 
the  other  rocks  examined,  including  a  number  of  limestones  and  sandstones  of 
different  varieties. 
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Physical  Geology  and  Geography. — The  Gippsland  lakes,  as  described  in  a 
Colonial  Report  by'Messrs.  A.  J.  Skene  and  R.  Brough  Smyth,  occupy  extensive 
but  shallow  depressions  in  a  great  extent  of  level  Tertiary  country,  and  have  been 
formed  by  elevation  of  the  land.  They  are  being  gradually  filled  with  mud 
and  sediment ;  and  every  year,  with  the  advance  of  settlement,  the  work  of 
filling  up  will  proceed  more  rapidly. 

Professor  Archibald  Geikie  has  pointed  out  fa&s  which  lead  him  to  conclude 
that  the  granite  of  the  Isle  of  Arran  is  of  Tertiary  date. 

The  occurrence  of  erratics  at  higher  levels  than  the  rock  masses  from  which 
they  have  been  derived  has  been  discussed  by  Mr.  James  Geikie.  He  points 
out  that  stones  introduced  into  the  body  of  a  glacier,  whether  from  above  or 
below,  tend  to  rise  upwards  in  the  ice,  as  the  glacier  flows  on  its  way.  This  fa£l 
appears  to  him  to  solve  the  question  ;  for  a  glacier  travelling  50  or  100  miles 
may  encounter  many  obstrudtions  in  the  ground  ;  and,  if  it  surmount  these, 
boulders  may  be  extruded  at  its  surface  and  stranded  on  the  side  of  some 
rocky  hill,  many  hundred  feet  or  yards  above  the  level  from  which  they  origin- 
ally started. 

The  origin  of  the  Cheddar  Cliffs  has  been  briefly  treated  of  by  Mr.  H.  B. 
Woodward,  who  advocates  their  formation  by  rain  and  rivers  with  both 
chemical  and  mechanical  afiion. 

Mr.  John  Home,  in  a  sketch  of  the  geology  of  the  Isle  of  Man,  diredls 
attention  to  the  glacial  beds.  The  Till  (he  remarks^  is  in  all  respedls  similar 
to  that  of  Scotland,  and  is  a  produdt  of  land  ice.  Tnere  is  abundant  evidence 
of  a  strange  intermingling  of  foreign  rocks  in  it,  which  must  have  travelled 
from  the  coast  of  Cumberland,  the  south  of  Scotland,  and  the  west  coast  of 
Ireland. 

Suh-Wealden  Exploration. — This  great  work  progresses  slowly  and  steadily. 
The  Oxford  clay,  last  reached,  was  still  present  at  a  depth  of  1018  feet.  Mr. 
Topley  mentions  that  Ammonites  Jason  was  met  with  at  a  depth  of  990  feet. 
There  does  not  appear  to  be  the  slightest  break  between  the  Kimeridge  and 
Oxford  clays ;  the  Coral  Rag  and  Calcareous  grit  being  unrepresented,  as  is 
also  the  case  near  Aylesbury,  and  in  Lincolnshire  and  Norfolk. 

Mr.  John  Gunn  has  discussed,  on  several  occasions,  the  probability  of 
finding  coal  in  the  Eastern  Counties,  and  he  has  recommended  that  an  experi- 
mental boring  be  made  at  Hunstanton.  It  will  be  well,  however,  to  await  the 
results  of  the  Sub-Wealden  Exploration  before  attempting  to  prove  the 
Palsozoic  rocks  elsewhere.  We  learn  that  at  Sperenberg,  about  twenty-five 
English  miles  south  of  Berlin,  a  boring  has  been  made  by  the  Government 
engineers  to  the  extraordinary  depth  of  4040  feet.  This  boring  was  made,  after 
the  first  283  feet,  in  salt-bearing  strata ;  the  great  depth  reached  shows  us 
what  can  be  done  with  energy,  and  with  funds ! 

Records  of  Geological  Literature. — Mr.  Whitaker  has  done  great  service  to 
Geology  by  preparing  lists  of  all  papers  on  Geology,  Mineralogy,  and  Palaeon- 
tology, referring  to  icertain  distrids.  He  has  published  those  relating  to 
London  and  Hampshire  Basins,  to  Devonshire,  Cambridgeshire,  and  Witshire. 
It  is  now  proposed  to  publish,  as  a  yearly  volume,  a  record  of  all  works  (in  the 
shape  of  short  abstrads)  that  relate  to  Geology,  whether  British  or  Foreign. 
The  first  volume  will  be  printed  by  the  middle  of  1875,  and  will  contain 
records  of  papers,  books,  maps,  &c.,  published  during  the  year  1874. 

PHYSICS. 

Light. — M.  Craven  has  devised  a  new  helio-photometer.  It  consists  of  a 
box  of  hard  wood,  280  m.m.  long,  145  m.m.  wide,  and  200  high,  forming  a  paraU 
lelopiped  placed  upon  a  pedestal  in  an  open  situation,  where  nothing  impedes 
the  dired  adtion  of  the  sun.  The  upper  surface  of  the  apparatus  cannot 
preserve,  during  the  twelve  months  of  the  year,  a  horizontal  position,  because 
when  the  sun  sinks  below  the  equator  in  winter  its  rays  would  fall  too  ob- 
liquely. It  is  therefore  necessary  at  that  season  to  follow  approximately  the 
movement  of  the  sun.  -  This  result  is  obtained  by  gradually  inclining  the 
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instrument  towards  the  south  from  September  to  December,  and  gradually 
diminishing  the  inclination  again  till  March,  when  it  is  replaced  in  a  hori- 
zontal position.  One  of  the  principal  sides  of  the  parallelogram  represents 
the  door,  fixed  un  hinges,  and  giving  access  to  all  the  interior.  At  the  side 
opposite  the  door  is  fixed  a  clock,  the  dial  of  which  is  seen  through  a  circular 
aperture  in  the  side.  To  this  clock  is  adapted  a  toothed  wheel,  moved  by  the 
drum  containing  the  spring.  This  wheel  only  performs  one  revolution  in 
twenty-four  hours.  To  its  axle  is  fixed  by  a  movable  screw  a  large  drum  of 
brass,  the  circumference  of  which  is  520  m.m.,  and  the  breadth  16  m.m.  Upon 
the  surface  of  this  drum  is  fixed  a  slip  of  paper,  as  is  done  with  the  Morse 
telegraphs.  A  few  seconds  are  sufficient  for  fixing  or  for  removing  this  band. 
A  slit  in  the  box  is  so  arranged  that  the  sun's  rays,  shining  through  it,  fall 
upon  the  band,  even  when  the  luminary  is  very  near  the  visible  horizon.  The 
bands  are  prepared  with  chloride  of  silver  by  being  steeped,  first  in  a  solution 
of  common  salt,  and  then,  shortly  before  being  used,  in  solution  of  nitrate  of 
silver. 

The  students  in  the  Physical  Laboratory  of  Owens  College  having  occa- 
sionally experienced  some  difficulty  in  obtaining  the  spedtra  of  some  salts 
with  the  ordinary  Bunsen,  through  apparently  a  deficiency  of  pressure  in  the 
gas,  it  occurred  to  Mr.  F.  Kingdon  that  the  amount  of  light,  even  at  this  deficient 
temperature,  might  be  increased  by  multiplying  the  number  of  luminous 
points.  This  is  accomplished  by  broadening  out  the  flame  of  the  Bunsen  ;  that 
is,  causing  the  gas  to  issue  through  a  narrow  slit  instead  of  a  round  hole.  So 
far,  only  a  rough  experiment  has  been  made,  the  slit  being  about  Jin.  long  and 
^in.  wide.    The  result,  as  exped^ed,  was  a  more  brilliant  spedtrum. 

MicRoscoPY.^In  the  Report  of  the  Geological  Survey  of  New  Hampshire, 
some  valuable  information  respeding  the  preparation  of  specimens  of  Diato- 
maceae  for  examination  and  study  by  means  of  the  microscope  is  contributed 
by  Dr.  A.  M.  Edwards,  of  Newark,  New  Jersey,  U.S.  Respedling  the  collection 
of  Diatoms,  some  valuable  hints  are  given.  Arachnoidiscust  Triceratium 
Wilksiiy  and  Aulacodiscus  Orcgonensis^  may  be  looked  upon  for  logs  of  wood 
which  have  been  floating  in  the  sea  and  imported  from  New  Zealand  or  Van- 
couver's Island.  So  on  logs  from  Mexico  and  Honduras  may  be  found  the 
curious  Terpsina  musica.  The  nets  of  fishermen  from  deep  water  may  yield 
algae  bearing  such  forms  as  Rhahdomena  arcuatum  or  Adriaticum,  GrammatO' 
phora  serpentina  and  marina^  various  Synedras^  and  other  fine  forms.  On 
oyster  shells  may  be  found  algas  bearing  upon  their  fronds  Biddulphia  regina^ 
Bayleyii  or  aurita.  After  a  ship  is  unloaded,  and  as  it  floats  higher  in  the 
water,  its  sides  may  be  searched  for  treasures  of  the  Diatom  world.  The 
sea-grass,  Zostera  tnarinay  often  bears  upon  its  waving  ribbons  fine  forms  of 
Diatoms,  and  that  used  for  stuffing  chairs  and  imported  from  abroad  will 
yield  foreign  species  to  the  collector.  The  apparatus  and  materials  used  are 
those  found  in  the  possession  of  most  well  equipped  microscopists.  The 
chemicals  required  are  nitric  acid,  sulphuric  acid,  hydrochloric  acid,  bichro- 
mate of  potash,  caustic  potash,  alcohol,  distilled  water,  and  washing  soda. 

Recent  Gatherings. — Sand  to  be  removed  by  shaking  in  clean  water  and 
pouring  off  before  the  diatoms,  which  are  lighter  than  the  sand,  settle.  After 
the  diatoms  have  settled  as  much  as  possible  of  the  water  is  to  be  poured  off 
from  the  test-tube  containing  them.  They  are  now  covered  with  nitric  acid 
and  allowed  to  stand  a  few  minutes.  Usually  some  chemical  adion  takes  place, 
and  tt  will  be  well  to  wait  until  it  subsides.  The  tube  or  beaker  is  then  held  over 
the  lamp  and  carefully  heated  until  the  readlion  of  the  acid  upon  the  organic 
matter  of  the  diatoms  ceases.  Then,  while  the  liquid  is  still  hot,  a  few  small 
fragments  of  bichromate  of  potash  should  be  dropped  in.  The  organic  matter 
is  more  thoroughly  destroyed  in  this  way  than  when  the  acid  is  used  alone. 
The  acid  and  diatoms  should  then  be  poured  into  a  capacious  beaker  of  clean 
water,  washing  the  test-tube  out  with  a  little  water  and  adding  this  to  the  other. 
After  the  diatoms  have  settled,  the  supernatant  fluid  is  carefully  poured  off, 
and  a  fresh  supply  added ;  this  must  be  repeated  until  all  the  acid  and  coloured 
chromium  compound  has  been  removed.  When  this  point  is  arrived'  at  can 
only  be  ascertained  from  experience. 
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Muds  will  have  to  be  treated  in  a  somewhat  different  manner  from  recent 
gatherings.  If  the  mud  is  dry  it  must  be  broken  down  by  boiling  for  a  few 
minutes  in  a  solution  of  caustic  potash,  the  strength  of  which  must  be  appor- 
tioned to  the  particular  specimen  under  treatment.  After  it  has  been  broken 
down  into  a  soft  mud,  all  the  potash  is  thoroughly  washed  away  by  means  of 
clean  water,  and  replaced  by  nitric  acid  as  in  the  case  of  recent  gatherings. 
This  is  boiled  and  a  little  bichromate  of  potash  added  as  before,  aod  the  whole 
washed.  Diatoms  occurring  in  mud  are  very  seldom  ^uOiciently  cleaned  by 
this  process,  so  that  :t  it  has  to  be  supplemented  by  another.  The  sediment 
is  washed  into  an  evaporating  dish  and  allowed  to  settle,  and  as  much  of  the 
water  poured  off  as  possible.  Then  sulphuric  sufficient  to  cover  the  deposit 
is  poured  in  and  the  vessel  gradually  and  carefully  heated.  As  soon  as  the 
liquid  shov/s  signs  of  boiling,  bichromate  of  potash  is  added  a  very  little  at  a 
time,  until  the  green  colour  first  formed  begins  to  assume  a  yellowish  tint 
when  no  more  is  dropped  in ;  but  a  few  drops  of  hydrochloric  acid  are  per- 
mitted to  fall  in,  and  the  liquid  is  allowed  to  cool.  As  soon  as  the  liquid  has 
cooled  a  little,  water  should  be  added  cautiously,  as  great  heat  will  be 
generated  and  there  will  be  danger  of  boiling  over.  It  is  then  to  be  poured 
into  a  large  beaker  of  water  and  washed  as  before.  If  it  be  found  that  the 
precipitate  is  not  quite  white,  it  will  be  necessary  to  boil  it  again  in  sulphuric 
acid,  with  bichromate  of  potash  and  hydrochloric  acid  until  it  is  quite  clean. 
If  upon  examination  under  the  microscope  much  flocculent  matter  is  present 
besides  the  diatoms  and  sand,  this  can  be  removed  by  boiling  for  a  few 
seconds  in  a  weak  solution  of  caustic  potash  and  washing  quickly  with  plenty 
of  clean  water. 

Guanos, — The  preparation  of  these  substances  is  rather  tedious,  difficult,  and 
dirty.  The  ammoniacal  guanos  are  those  which  contain  most  diatoms,  that 
from  the  islands  upon  the  coast  of  Peru  may  be  taken  as  a  typical  specimen. 
As  it  comes  into  commerce,  it  is  a  moist  powder  of  a  light  iron-rust  colour, 
smelling  strongly  of  ammonia  and  having  scattered  through  its  mass  lumps  of 
ammoniacal  salts  of  a  more  or  less  solid  consistency.  The  guano  should  be 
thinly  spread  out  on  a  stiff  sheet  of  paper  and  exposed  to  the  air  at  a  moderate 
heat  for  a  few  days,  until  the  moisture  and  most  of  the  ammonia  have  evapor- 
ated, and  less  acid  will  be  required  to  clean  the  guano.  It  will  now  have 
become  much  lighter  in  colour,  and  crumble  to  a  dry  powder.  A  tin  pan  is 
now  about  half  filled  with  a  solution  of  common  washing  soda  in  clean  filtered 
water  and  placed  over  some  source  of  heat,  as  on  a  stove.  The  strength  of 
the  solution  is  not  a  matter  of  any  great  moment  and  must  vary  with  the 
guano  manipulated.  As  soon  as  it  begins  to  boil  the  guano  is  dropped  in,  a 
little  at  a  time,  while  the  liquid  is  stirred  with  a  glass  rod  or  stick  of  wood. 
Considerable  effervescence  takes  place,  ammonia  being  given  off;  therefore  it 
must  be  kept  continually  stirred,  and  care  exercised  to  prevent  its  boiling  over. 
,  It  is  then  poured  into  a  plentiful  supply  of  clean  water  and  washed  several 
times,  care  being  taken  to  permit  all  the  diatoms  to  settle.  As  soon  as  the 
wash-water  is  only  slightly  coloured,  the  guano  is  transferred  to  a  suitable 
evaporating  dish  and  covered  with  nitric  acid  and  boiled.  While  boiling  a  few 
crystals  of  bichromate  of  potash  arc  added,  and  the  material  treated  as  in  the 
case  of  muds.  Phosphatic  guanos,  are  somewhat  more  difficult  to  treat.  They 
are  generally  drier  than  the  ammoniacal  kind,  and  must  be  boiled  in  a  large 
quantity  of  hydrochloric  acid  as  many  as  three  times,  and  the  acid  must  be 
poured  off  while  still  hot.  Afterwards,  nitric  acid  and  sulphuric  acid  and 
oichromate  of  potash  must  be  employed  as  in  former  cases. 

Lacustrine  Sedimentary  Deposits, — For  the  most  part  these  are  pulverulent, 
•and  easy  to  clean.  Some,  as  found  in  nature,  are  so  pure  that  they  require  no 
cleaning  except  washing  in  clean  water.  Burning  on  a  plate  of  platinum  will 
often  serve  to  clean  some  specimens;  but  it  will,  in  general,  be  found  best  to  boil 
in  nitric  acid  with  a  little  bichromate  of  potash,  and  subsequently  in  sulphuric 
acid  and  bichromate  of  potash  with  the  after  addition  of  hydrochloric  acid. 
Occasionally  an  amount  of  flocculent  matter  will  bs  left,  which  can  be  removed 
by  very  careful  heating  (not  boiling),  in  a  weak  solution  of  caustic  potash,  and 
immediately  pouring  into  a  large  quantity  of  clean  water  and  thoroughly 
washing. 
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Marim  Fossil  and  Sub-Plutonic  Deposits,  being  stony  and  possessed  of 
very  much  the  same  physical  charadlers,  are  manipulated  in  the  same  manner. 
A  small  lump  of  the  deposit  is  placed  in  a  test-tube,  and  covered  with  a  strong 
solution  of  caustic  potash.  It  is  then  boiled  for  a  few  minutes,  and  usually  it 
immediately  begins  to  break  up  and  fall  down  in  the  shape  of  a  soft  mud-like 
material.  At  once  the  liquid,  with  the  suspended  fine  powder,  is  poured  off 
into  a  large  quantity  of  c4ean  hot  water,  and  if  the  whole  of  the  lump  has  not 
broken  down  into  a  powder,  what  remains  has  a  little  water  poured  over  it  in 
the  test-tube,  and  is  again  boiled.  It  will  be  found  that  a  little  more  will  now 
crumble  off.  This  is  to  be  added  to  the  rest  in  the  large  vessel,  and  if  the  lump 
has  not  now  broken  down,  it  is  again  boiled  in  the  alkaline  solution  and  in 
water  alternately,  until  it  has  all  been  disintegrated.  It  is  then  all  permitted 
'  to  settle  for  at  least  three  hours,  when  it  is  thoroughly  washed  and  boiled  in 
hydrochloric  acid  for  about  half-an-hour.  There  is  then  added  an  equal 
amount  of  nitric  acid,  and  the  boiling  continued  for  a  short  time.  It  is  then 
washed  and  heated  in  sulphuric  acid  with  the  addition  of  bichromate  of 
potash  and  hydrochloric  acid. 

The  following  preservative  fluid  is  recommended  for  mounting  recent  speci- 
mens. To  one  ounce  of  distilled  water  add  two  or  three  drops  of  wood 
creosote  and  a  sufficient  quantity  of  alcohol  to  make  the  creosote  soluble  in 
the  water;  this  will  about  equal  double  the  quantity  of  the  creosote.  The 
methods  of  mounting  recommended  by  Dr.  Edwards  are  those  well  known  to 
all  skilled  microscopists. 

In  a  paper  on  blue  and  violet  stainings  for  vegetable  tissues.  Dr.  C.  Johnson, 
of  Baltimore,  gives  the  following  formulas  for  a  useful  stain  for  this  purpose  : — 
Ordinary  logwood  extras  is  finely  pulverised  in  a  mortar,  and  about  three 
times  its  bulk  of  alum  (in  powder)  added ;  the  two  ingredients  are  well  rubbed 
up  together,  and  mixed  with  a  small  quantity  of  distilled  water.  The  complete 
admixture  of  the  alum  and  hsematoxylin  is  necessary,  and  this  will  require  fifteen 
or  twenty  minutes  vigorous  trituration.  More  water  may  now  be  poured  on, 
and  the  solution,  after  filtration,  should  present  a  clear,  somewhat  dark  violet 
colour.  If  a  dirty  red  be  obtained  more  alum  must  be  incorporated  and  the 
mixture  again  filtered.  After  standing  several  days  add  75  per  cent  alcohol 
in  the  proportion  of  two  drachms  to  one  ounce  of  the  fluid.  Should  a^  scum 
form  on  the  surface  of  the  liquid  at  any  time,  a  few  drops  of  alcohol  and  care- 
ful filtering  will  be  all  that  is  required.  This  fluid  colours  very  rapidly, 
requiring  but  a  few  minutes,  whereas,  if  a  slower  tinting  be  desired,  the  fluid 
may  be  diluted  with  a  mixture  of  one  part  alcohol  and  three  parts  water. 
The  sedtions  to  be  stained  having  been  kept  in  alcohol,  place  them  in  a 
weak  dilution  of  the  fluid  and  watching  the  result,  transfer  the  morsel  to  dilute 
alcohol  for  washing,  and  afterwards  to  strong  alcohol  in  anticipation  of 
mounting.  If  it  be  intended  to  display  the  general  strudlure  let  the  tint  be 
decided ;  but  if  it  be  wished  to  give  prominence  to  the  vessels  a  faint  blue 
only  should  suggest  the  other  parts.  In  treating  thin  leaves  or  fresh  green 
sedions,  the  colour  must  first  be  removed  or  else  staining  will  be  of  little  ser- 
vice. The  bleaching  is  to  be  accomplished  through  the  agency  of  Labarraques's 
solution  of  chlorinated  soda,  in  which  the  objedts  should  be  macerated  until 
perfedly  colourless  and  transparent.  They  should  then  be  immediately  trans- 
ferred to  distilled  water  for  an  hour  or  two,  and  then  to  a  3  per  cent  solution 
of  oxalic  acid  in  50  per  cent  alcohol,  which  neutralises  the  soda  and  prepares 
the  tissue  to  take  the  dye,  particularly  if  aniline  blue  is  employed.  The  oil  of 
cloves  process  is  to  be  employed  in  the  final  mounting  in  balsam.  The  aniline 
solution  preferred  by  Dr.  Johnston,  is  **  Bower's  Blue  Ink"  slightly  acidulated 
with  oxalic  acid.  Dale's  soluble  blue  No.  3  (Robert  Dale  and  Co.,  Hulme,  Man- 
chester) is  also  recommended.  Staining  with  aniline  blue  is  somewhat  more 
uncertain  than  that  with  the  haematoxylin  solution,  and  the  colour  of  the  latter 
is  preferable,  especially  for  observations  by  artificial  light. 

The  antennae  of  the  male  gnat,  Culex  pipio,  have  long  been  favourite  objefls 
with  microscopists,  and  when  viewed  under  the  binocular  and  suitably  illu- 
minated are  scarcely  surpassed  by  any  low  power  objed.  Some  experiments 
on  an  allied  species,  Culex  musquito,  by  Alfred  M.  Mayer,  go  very  far  to  prove 
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that  the  beautiful  whorls  of  fibres  with  which  the  antennse  are  armed  serve  the 
purpose  of  very  delicate  auditory  organs.  Observations  under  the  microscope 
upon  living  mosquitos  show  that  the  delicate  sete  respond  to  the  vibrations  of 
tuning-forks,  some  vibrating  to  certain  notes  while  the  others  remain  at  rest. 
Further  experiments  would  seem  to  determine  the  fundion  of  this  singular 
auditory  apparatus,  namely,  to  guide  the  male  in  the  diredion  of  the  peculiar 
humming  made  by  the  female.    The  paper  is  too  long  for  the  quotation  in  full. 

Mr.  J.  K.  Jackson  communicates  to  "  Science  Gossip  '*  a  process  for  fixing 
diatoms  in  devices.    The  operator  is  supposed  to  start  with  a  stock  of  perfedly 
clean  material,  and  that  a  '*dip"  has  been  evaporated  on  a  slide.    The  tool 
used  is  a  hair  from  a  cow's  neck,  mounted  in  a  light  wooden  handle.*    The 
diatom    seleded    is    picked    with    the    hair    under    a    ij-inch    power    and 
placed  on  a  prepared  thin  cover,  made  as  follows : — Take  filtered  gum  traga- 
canth,  and  mix  five  or  six  drops  with  one  ounce  of  distilled  water.    The  covers 
are  then  cleaned  and  placed  on  a  rack  formed  of  six  pieces  of  wood,  six  inches 
long,  a  quarter  of  an  inch  broad,  and  one-eighth  of  an  inch  thick,  made  into  a 
"  rack  "  by  having  pieces  of  copper  wire  run  through  the  lot  near  to  each  end, 
so  that  the  bars  of  the  rack  slid  on  the  wires  may  be  altered  to  suit  different 
sizes  of  covers.    Each  cover  has  then  a  minute  drop  of  the  gum  placed  on  its 
centre  with  a  fine  pipette,  special  precautions  being  taken  to  prevent  the  intro- 
dudlion  of  dirt.    The  loaded  rack  is  then  transferred  to  the  hot  plate  and  the 
gum  dried  as  speedily  as  possible.    The  covers  when  dry  are  stored  for  use 
under  a  well  closed  glass  shade.    When  required  for  use,  one  of  the  covers  is 
placed  on  a  wooden  slide  having  a  hole  suitable  to  the  size  of  the  thin  glass 
employed.    On  this  cover  the  diatoms  ssledled  are  placed  with  the  cow*s  hair. 
When  sufficient  frustules   have  been  colledled  to  form  the  device,  they  are 
**  pushed,  coaxed,  or  driven,"  into  the  required  form,  under  an  inch  and  a  half 
obje&ive.     When  this  has  been  accomplished,  after  the  exercise  of  much 
trouble,  patience,  and  dexterity,  the  cover  with  its  device  must  be  brought  close 
to  (just  within)  the  mouth,  and  breathed  upon — one  slow,  long  breath.    The 
cover  must  then  be  dried  upon  a  hot  plate  and  turned  over  on  to  a  drop  of 
balsam  and  benzol,  or  damar,  in  the  centre  of  a  slide,  and  if  the  glaze  on  the 
cover  be  of  the  proper  thickness,  the  balsam  may  be  boiled  without  displacing 
a  single  diatom.    The  writer  adds  the  following  hints : — (i).  Never  hope  for 
one  drop  of  clean  water  unless  you  distil  it  yourself.    (2).  Place  your  diatoms 
"on  their  backs"  in  the  gum,  else  they  will  retain  air,  which  nothing  can 
expel.    (3).  *•  Mind  your  eye,"  or  rather  your  eyes,  as  the  process  is  a  very 
trying  one  to  the  sight. 

Mr.  G.  J.  Burch  has  communicated  to  the  Quekett  Microscopical  Club  his 
method  of  making  extremely  thin  glass  covers.  Take  a  piece  of  glass  tube  about 
a  quarter  of  an  inch  bore,  seal  up  the  end  with  the  blowpipe,  and  continue  the 
heat  until  the  glass  is  so  soft  that  it  will  fall  out  of  shape,  unless  you  keep 
turningitround;  remove  it  from  the  flame,  and  blow  into  it  with  all  your  strength. 
It  will  be  seen  to  swell,  at  first  slowly  and  then  suddenly,  to  a  large  bubble  of 
very  thin  glass.  Supposing  the  tube  to  have  been  sealed  up  with  as  little  glass 
as  possible,  it  may  be  blown  out  to  about  four  inches  diameter.  When  cold 
break  it  up  and  cut  the  pieces  to  shape  with  a  writing  diamond.  The  glass  is 
of  course  curved,  but  it  may  be  flattened  by  being  placed  on  a  perfe&y  flat 
piece  of  platinum  foil,  and  depressed  for  a  moment  into  the  Bunsen  flame ;  as 
soon  as  it  is  red  hot,  it  will  sink  down  to  the  flat  foil.  This  has  also  the  effed 
of  annealing  it.  A  piece  of  this  glass  was  found  upon  measurement  with  the 
micrometer  to  be  only  0*0004  of  an  inch. 

Heat. — Dr.  G.  Krebs,  in  a  paper  on  the  determination  of  the  freezing-point 
for  delicate  thermometers,  says: — Schultz,  in  his  treatise  on  the  freezing-point 
of  the  water  of  gaseous  solutions  and.  the  regelation  of  ice,  shows  that  the 
freezing-point  of  water  is  lowered  by  dissolving  gases,  the  change  being  nearly 
proportional  to  the  amount  of  gas  dissolved.  That  water  holding  solids  in 
solution  freezes  at  a  lower  point  is  well  known.  Thomson  and  Clausius  have 
shown  from  the  principles  of  mechanical  theory  of  heat  that  the  freezing-point 

*  A  fioe  bristle  iplit  at  the  end  is  preferred  by  tome  authorities. 
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of  water  falls  0*0070  C.  for  every  additional  atmosphere  of  pressure.    To  deter- 
mine the  true  freezing-point,  take  a  glass  tube  closed  at  one  end,  20  centimetres 
long  and  2  wide,  fill  it  almost  full  with  sulphuric  acid,  and  heat.    Then  pour 
out  the  acid,  and  rinse  repeatedly  with  pure  distilled  water.    The  tube  is  then 
two-thirds  filled  with  distilled  water,  which  has  been  boiled  for  some  time  in  a 
clean  beaker,  and  a  small  quantity  of  filtered  oil  of  turpentine  (about  x  centimetre 
in  depth)  is  poured  upon  the  water.    The  tube  is  then  carefully  heated  in  the 
oil-bath,  without  allowing  the  temperature  to  rise  to  the  boiling-point  lest  an 
explosion  should  ensue.    The  objedt  of  the  heating  is  to  remove  any  air  bub- 
bles Which  may  adhere  to  the  side  of  the  glass  or  may  remain  between  the 
turpentine  and  the  water.     When  the  water  has  been  thus  exposed  for  a 
considerable  time  to  a  temperature  very  near  to  the  boiling-point,  the  tube  is 
taken  out  of  the  oil-bath,  cooled  in  cold  water,  and  then  placed  in  a  freezing 
mixture  (water  and  nitrate  of  ammonia).    After  a  few  minutes  the  water  is 
cold,  and  in  most  cases  a  portion  of  it  freezes  at  once  if  a  thermometer  is 
inserted,  and  moved  up  and  down.     If  this  does  not  take  place  the  tube  must 
be  returned  to  the  freezing  mixture,  and  cooled  more  strongly.     The  ther- 
mometer may  be  previously  placed  in  an  empty  test-tube,  which  is  then  plunged 
in  the  freezing  mixture.     It  is  very  important  that  the  thermometer  should  be 
cooled  down  close  to  the  freezing-point  before  being  introduced  into  the  water. 
The  best  thermometers  when  tested  in  this  manner  show  a  freezing-point  too 
high  by  about  0'i°  C. 

Electricity. — In  a  paper  read  by  Prof.  W.  F.  Barrett,  F.R.S.E.,  M.R.I.A.,  on 
the  **  Molecular  Changes  that  accompany  the  Magnetisation  of  Iron,  Nickel, 
and  Cobalt,"  at  the  British  Association  Meeting,  at  Bradford,  it  was  shown 
that  certain  molecular  phenomena  known  to  attend  the  magnetisation  of  iron 
were  found  to  accompany  the  magnetisation  of  nickel  and  cobalt.  Notably 
this  was  the  case  with  the  peculiar  sound  emitted  on  magnetising  and  demag- 
netising these  metals ;  with  cobalt  the  note  was  clear  and  metallic,  and  louder 
than  in  the  case  of  iron.  The  physical  as  well  as  the  chemical  properties  of 
the  three  magnetic  metals  were,  in  every  case,  proved  to  be  so  closely  similar 
that  it  was  reasonable  to  expedt  that  any  cause  producing  a  molecular  change 
in  the  one  metal  would  produce  a  similar  change  in  the  other.  A  series  of 
preliminary  experiments  established  the  fad  that  a  change  in  the  dimensions 
of  nickel  and  cobalt  occurred  on  their  magnetisation  by  an  ele&ric  current, 
corresponding  to  the  elongation  and  retradtion  of  iron  investigated  by  Dr. 
Joule.  To  pursue  this  enquiry  further  a  committee  was  appointed,  consisting 
of  Prof.  Balfour  Stewart,  and  subsequently  Prof.  Clerk  Maxwell,  in  conjunction 
with  the  author,  and  the  results  were  embodied  in  a  report  read  before  Sedion  A 

Fig.  I. 


of  the  British  Association  at  Belfast ;  after  the  trial  of  varions  arrangements  an 
instrument  was  devised,  and  has  been  constnided  by  Messrs.  Yeates,  of  Dublin 
and  London,  by  which  it  is  hoped  precise  detenninations  may  shortly  be  made 
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(Figs.  I  and  2).  Associated  with  these  molecular  change!  are  others  Telaling 
to  the  healing  and  cooling  dr  wires  of  the  magnetic  metals.  Mr.  Gore  dis- 
covered that  an  iron  wire,  when  raised  to  a  while  heal\  underwent  an  anomalous 
expansion  at  a  certain  point  during  ils  cooling.     On  repeating  Mr.  Gore't 


experiments,  the  author  found  a  similar  anomalous  deportment  during  tbe 

ktaling  of  iron  wire, — the  wire  momentarily  contradting  when  the  temperature 
of  a  dull  red  beat  was  reached,  and,  as  far  as  the  eye  could  judge,  this  was 
also  the  temperature  at  which  the  elongation  occurred  Id  cooling  (Figs.  3  and  4). 


Examining  the  wire  during  the  experiment,  in  a  darkened  room,  another 
remarkable  phenomenon  was  revealed,  viz.,  that  at  the  critical  point  during 
the  cooling  of  the  wire  a  sudden  glow  diffused  itself  over  the  wire,  whereby  it 
was  raised  from  a  dull  10  a  bright  red  heal.  During  the  heating  of  the  wire — 
whether  by  an  ele<9ric  current  or  by  a  row  of  gas  flames — a  momentary  cessa- 
tion of  beating  occurred  at  the  critical  point.  Enclosing  the  wire  in  an  air 
thermometer,  these  effefis  were  made  more  evident,— the  expansion  of  the  ait 
during  the  beating  of  the  wire  ceasing  for  a  moment,  when  a  dull  red  heat  wai 


1875-] 


Physics. 


125 


attained ;  and  on  cooling,  the  after-glow  caused  a  momentary  and  violent  de- 
pression of  the  liquid  index  (Fig.  5).  A  crepitation  in  the  wire  was  heard  at 
the  moment  this  change  took  place.     Moreover,  the  critical  temperature  was 

Fig.  5. 


approximately  that  at  which  iron  lost  its  magnetic  charader  upon  heating  or 
regained  it  on  cooling.  Further  Prof.  Tait  has  shown  that  at  this  temperature 
the  thermo-elediric  condition  of  iron  changes,  and  that  at  a  lower  temperature 
nickel  undergoes  a  similar  change.  Hence  it  is  most  probable  that  nickel  and 
cobalt  will  be  found  subjed  to  analogous  molecular  changes  at  the  temperature 
wherein  their  transition  from  the  magnetic  state  takes  place, — nickel  at  a 
lower  temperature  than  iron,  and  cobalt  at  a  higher.  Experiments  have  also 
been  made  to  exclude  the  effed  of  oxidation  during  the  heating  of  the  wires. 
Iron  and  steel  wires  have  been  enclosed  in  atmospheres  of  hydrogen, 
nitrogen,  and  carbonic  acid  gas,  and  in  each  case  similar  efieds  are  produced 
to  those  already  described.  In  carbonic  acid  the  gas  is  decomposed  around 
the  heated  wire,  and  brilliant  scales,  apparently  of  graphite,  are  deposited  on 
the  iron.  The  foregoing  remarks  the  author  begged  to  be  regarded  as  merely 
fragmentary  observations,  preliminary  to  a  more  detailed  investigation  which 
he  hoped  shortly  to  undertake.  After  Prof.  Barrett's  paper  had  been  read  the 
following  discussion  took  place. 

Prof.  Clerk  Maxwell  said — In  theoretical  investigations  an  assumption  is 
often  made  that  if  you  make  a  slight  change  in  the  circumstances  a  slight 
change  will  be  produced  in  the  result ;  but  this  is  not  always  the  case  in 
Nature.  It  seems  that  in  the  cooling  of  iron  wire,  described  by  Mr.  Barrett, 
something  goes  off  at  a  certain  moment — something  tumbles  over  at  the 
moment  of  the  kick.  Other  things  tumbled  over  too, — traps  for  catching  mice, 
for  instance, — and  the  parts  might  not  have  the  power  of  getting  up  again. 
If  a  row  of  bricks  were  placed  on  end,  and  the  first  one  knocked  down,  it 
would  knock  down  the  next,  and  so  the  whole  row  would  tumble  down. 
When  I  was  a  boy  we  used  to  call  this  "  Sending  Jack  for  mustard.''  This 
mode  of  the  transference  of  motion  was  not  the  same  thing  as  wave  motion, 
because  in  a  wave  the  particles  swing  back,  but  the  bricks  have  to  get  up 
again  how  they  can,  and  won't  return  to  their  former  position  automatically. 
So  in  Prof.  Barrett's  experiment,  a  critical  point  is  reached  where  a  break 
down  occurs  among  the  molecules.  In  the  process  of  cooling  iron  wire 
something  happens  which  makes  a  noise,  makes  the  wire  lengthen,  and  make 
it  glow  again.  A  slight  change  in  the  circumstances  has  made  a  great  change 
in  the  phenomena.  Seeing  Mr.  Herbert  Spencer  present  reminds  me  he  has 
written  that  something  of  the  kind  may  take  place  among  the  nerves,  though 
I  do  not  agree  with  the  assumption  he  has  made. 
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Prof.  GuTHRis — Having  had  the  opportunity  of  seeing  Mr.  Barrett's  experi- 
ments, I  think  Mr.  Barrett  remarked  the  re-heating  passed  along  the  wire  in  a 
definite  direction ;  the  glow  did  not  appear  immediately  all  over,  but  travelled 
along  the  wire. 

Prof.  G.  C.  Foster — The  wire  is  not  likely  to  rise  equally  in  temperature, 
or  to  fall  equally,  through  the  whole  wire.  The  ends  are  fastened  to  masses 
which  tend  to  cool  them  quicker  than  the  central  parts  of  the  wire.  Is  there 
evidence  of  anything  more  than  this  in  the  phenomenon  described  ? 

Prof.  Barrett — It  is  the  fa^,  as  Prof.  Guthrie  has  mentioned,  that  the 
"after-glow" — as  Prof.  Tait  has  called  it — does  not  appear  simultaneously 
throughout  the  wire.  A  wa/e  of  heat  seems  to  travel  along  the  wire,  and  the 
sudden  rise  of  temperature  and  measured  progress  of  this  wave  are  very  beau- 
tiful to  observe.  I  do  not  think  the  existence  of  this  wave  is  due — at  any  rate 
not  wholly  due — to  the  unequal  distribution  of  heat  caused  by  the  masses  of 
metal  to  which  the  wire  is  attached.  For,  in  reply  to  Professor  Foster's 
question,  I  may  remark  that  if  an  iron  wire,  such  as  that  tying  down  the 
cork  of  a  soda-water  bottle,  be  coiled  round  a  pencil,  and  the  helix  of  wire 
thus  formed  heated  in  some  dark  corner  in  a  Bunsen  gas  flame,  on  the  with- 
drawal of  the  wire  from  the  flame  the  after-glow  will  be  readily  seen,  generally 
traversing  the  wire  in  the  manner  already  described.  I  am  inclined  to  think 
the  existence  of  this  wave  may  be  due  either  to  an  inequality  in  the  diameter 
of  the  wire,  to  a  want  of  homogeneity  in  its  strudlure,  or  to  the  accidental 
passage  of  air-currents ;  for  the  progress  of  this  wave  is  sometimes  in  one 
diredlion  and  sometimes  the  opposite. 

Mr.  Herbert  Spencer — Is  it  the  fad  that  the  wire  having  once  undergone 
this  transformation,  when  it  passes  to  a  lower  temperature,  and  is  again  heated, 
it  will  undergo  a  similar  change  ? 

Prof.  Barrett — This  is  the  case.  The  after-glow  can  be  made  to  appear 
a  dozen  or  more  times  upon  the  same  wire.  But  the  phenomenon  becomes 
fainter  each  time.  The  gradual  extindion  of  the  after-glow  which  I  have  thus 
obtained  seems  to  depend  very  much  on  the  degree  of  tension  to  which  the 
wire  has  been  subjeded  during  the  heating  and  cooling ;  but  this  is  a  point  I 
have  reserved  for  future  experiments,  and  cannot  therefore  speak  positively 
upon  it  now. 

Prof.  Everett — Is  there  a  want  of  symmetry  between  the  sudden  change 
which  occurs  during  the  heating  and  that  which  occurs  during  the  cooling  ? 
Would  Prof.  Barrett  be  good  enough  to  draw  the  temperature  curves  for  both? 

Prof.  Barrett — I  am  much  obliged  to  Prof.  Everett  for  his  suggestion. 
The  following  curve  will  approximately  represent  the  progressive  temperatures 
of  the  iron  wire  during  its  heating :  where  a  b,  in  Fig.  6,  represents  the  time 

Fio.  6. 


the  wire  is  exposed  to  the  source  of  heat,  and  a  c  the  increment  of  tempera- 
ture, judged  by  the  eye  or  an  air  thermometer.     A  pause  in  heating,  d  d\ 
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occurs  at  a  dall  red  heat.  On  the  other  hand,  the  cooling  of  the  wire  may  be 
represented  as  in  Fig.  7.  Here  there  are  two  points,  dd',  Sit  different  intervals 
of  time  in  cooling,  where,  nevertheless,  the  temperature  of  the  wire  is  the 
same.  The  curves,  therefore,  are  not  symmetrical.  Of  course  the  continued 
accession  of  heat  in  Fig.  6  would  mask  any  small  fall  in  temperature  if  such 
occurred.  In  both  cases  the  anomalous  temperature  is  seen  only  as  the  result 
of  a  differential  adion. 

After  a  remark  by  Professor  Clerk  Maxwell  on  the  analogy  of  these  phe- 
nomena with  Mr.  Spencer's  statement  on  the  propagation  of  nerve  force 
already  referred  to, — 

Mr  Herbert  Spencer  replied — I  rather  think  that  Mr.  Barrett^s  experi- 
ments confirm  my  hypothesis.  When  the  nerve  impulse  has  been  expended, 
I  infer  that  the  nerves  are  reinforced  from  the  neighbouring  tissues.  They 
fall  in  temperature,  and  instanily  absorb  heat  from  adjacent  tissues.  As  a 
verification  of  this  inference,  I  may  mention  we  have  evidence  that  the  velocity 
of  nervous  transmission  is  variable  according  to  the  temperature  of  the  body — 
the  current  being  swifter  in  summer  than  in  winter,  which  corresponds  with 
the  fadl  that  the  "  personal  equation  "  is  a  variable  element  in  different  indi- 
viduals, and  may  be  presumed  to  vary  in  consequence  of  their  slight  difference 
of  temperature. 

Professor  Maxwell — I  attribute  to  Mr.  Spencer  the  view  that  the  nerve 
recovers  its  power  of  adting  by  absorbing  heat.  The  people  who  read  such  a 
statement  might  attribute  to  him  the  notion  that  the  nerve  adts  as  a  heat- 
engine.  It  may  be  that  when  the  nerve  is  raised  to  a  higher  temperature, 
some  chemical  adion  may  be  able  to  take  place  which,  though  it  is  a  lowering 
of  the  available  energy  of  the  system  on  the  whole,  may  make  it  more  available 
for  giving  another  impulse — another  wave  of  nerve  force — but  at  the  same 
time,  after  all  is  done,  the  nerve  is  worse  off  than  before,  so  that  it  has  to 
receive  from  the  blood  something  to  bring  it  up  to  its  former  state.  The  two 
sides  of  the  interpretation  are  these :  We  all  admit  that  nerves  won't  go  on 
without  food,  but  it  may  be  possible  that  some  adion,  depending  upon  the 
absorption  of  heat  from  the  surrounding  tissues,  may  make  the  nerve  more 
instantaneously  available.  But  those  who  believe  in  thermo-dynamics,  and 
the  dissipation  of  energy,  cannot  admit  that  any  purely  material  system  can 
convert  heat  into  work  when  the  system  and  its  whole  environment  are,  at 
the  commencement  of  the  operation,  at  the  same  temperature.  There  is  a 
statement  in  Sir  W.  Grove's  address  on  continuity,  in  which  he  mentions  that 
Berthelot  had  discovered  that  a  certain  salt  could  undergo  chemical  change  in 
which  its  energy  was  increased  by  absorption  of  heat  from  the  surrounding 
medium,  at  a  temperature  no  higher  than  its  own.  That  statement  has  not 
been  attacked ;  but,  though  it  supports  Mr.  Spencer's  view,  it  cannot  be  under- 
stood literally  by  anyone  who  believes  in  Carnot's  law,  which  expresses  under 
what  conditions  heat  can  do  work  in  passing  from  one  thing  to  another. 

Mr.  Herbert  Spencer — I  by  no  means  assume  that  there  is  any  genesis 
of  force  made  possible  in  a  nerve  by  any  such  absorption  of  heat.  Although 
not  very  familiar  with  thermo-dynamics,  I  am  sufficiently  so  to  be  aware  that 
there  is  no  possibility  of  such  an  evolution  of  force  in  the  nerve  except  at  the 
expense  of  the  body  at  large.  I  am  merely  endeavouring  to  show  that  we  have 
in  the  heat  of  the  tissues  surrounding  the  nerve  a  reserve  of  force  ever  present, 
which  may  be  transformed  into  the  force  that  traverses  a  nerve  simply  by  the 
instrumentality  of  the  change  in  the  isomeric  forms  of  the  molecules  of 
nerve ;  which  change  is  a  change  of  a  kind  permitting  them,  each  time  they 
absorb  heat,  to  assume  a  less  stable  form,  and  therefore  again  to  fall  into  the 
more  stable  form.  It  is  a  perfedly  reasonable  hypothesis  that  a  nerve  may 
be  composed  of  material  which,  like  all  the  other  forms  of  protein,  admits  of 
extremely  easy  change  from  one  isomeric  state  to  another.  If  it  is  supposed 
that  by  the  absorption  of  a  small  amount  of  heat,  the  molecules  of  the 
nerve  assume  such  a  relation,  that  by  a  slight  disturbance  they  will  again 
resume  their  more  stable  state,  and  send  a  cumulative  wave  of  disturbance — like 
Professor  Maxwell's  line  of  bricks:— I  say  it  is  a  feasible  assumption  that 
when  they  have  done  that,  they  have  lost  heat  to  the  extent  that  they  have 
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given  out  that  wave  of  motion,  and  are  in  a  condition  to  absorb  heat  from  the 
tissues.  That  the  ability  of  the  nerve  to  perform  its  fundion  depends  on 
absorption  of  heat  from  the  surrounding  tissues  is  a  supposition  confirmed  by 
the  fadt  that,  if  you  reduce  the  temperature  greatly,  the  nerve  ceases  to  adt. 

Professor  Clerk  Maxwell — No  doubt  there  is  plenty  of  power  in  the 
heat  of  the  body  to  renovate  a  nerve.  But  as  heat  can  do  work  only  by 
passing  from  a  hotter  body  to  a  colder,  **  all  the  king's  horses  and  all  the 
k:ng*8  men**  could  not  renovate  the  nerve  by  the  aid  of  heat  alone. 

At  the  late  British  Association  Meeting;  at  Belfast  an  important  communi- 
cation "  On  the  Absolute  Eledtro- Magnetic  Units  of  Resistance  and  Eledtro- 
Motive  Force,  with  Suggestions  for  their  Re-determination,"  was  made  to 
Sedtion  A  by  Prof.  G.  Carey  Foster.  The  method  consists  in  determining  the 
ratio  of  the  eledh*omotive  force  to  the  strength  of  the  current  produced  by  it 
in  a  given  condudlor ;  and  then,  since — 

the  resistance  of  the  conductor  is  determined.  For  this  purpose  a  large  coil 
of  covered  copper  wire,  like  a  hoop  placed  vertically,  is  made  to  rotate  about 
a  vertical  axis,  so  as  to  have  a  certain  eledlromotive  force  E  generated  in  it  by 
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the  horizontal  component  of  the  earth's  magnetic  force.  During  each  half- 
revolution  beginning  and  ending  with  the  plane  of  the  coil  at  right  angles  to 
the  magnetic  meridian,  the  mean  value  of  £  is — 

2a  H, 


where  a  is  the  effedive  area  of  the  coil,  t  its  time  of  revolution,  and  H  the 
earth's  horizontal  intensity ;  but  during  successive  half-revolutions  the  sign  of 
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E  is  alternately  positive  and  negative.  The  ends  of  the  wire  of  the  coil  are 
conneded  with  a  commutator  on  its  axis  (as  in  an  ordinary  Delezenne's  circle), 
which  causes  the  current  in  all  external  portions  of  the  circuit  to  flow  in  only 
one  diredion.  This  being  arranged,  all  that  would  be  wanted,  in  order  to 
know  the  resistance  of  the  wire  of  the  coil,  would  be  to  measure  the  strength 
of  this  current,  and  calculate  the  eledromotive  force  by  observing  the  speed 
of  rotation.  But  it  is  plain  that  the  resistance  so  calculated  would  include 
the  resistance  of  the  commutator,  which  is  variable  and  wholly  irregular,  so 
some  modification  is  necessaiy  which  shall  entirely  eliminate  this  source  of 
error.  Prof.  Foster  manages  this  by  applying  PoggendorfTs  method  of 
measuring  E.M.F. — that  is,  by  stopping  all  current  in  the  coil  with  a  branch 
of  an  auxiliary  stronger  current.  A  constant  battery  (shown  in  the  diagram) 
has  its  circuit  completed  through  a  Siemens  unit,  a  standard  coil,  or  other 
conveniently-mounted  resistance,  A  B,  which  it  is  desirable  to  know  in 
absolute  measure.  A  certain  difference  of  potential  exists  between  the  ends 
of  the  wire  A  B,  and  this  can  readily  be  altered  by  changing  the  resistance  of 
other  parts  of  the  circuit  till  it  is  precisely  equsU  to  the  eledlromotive  force 
generated  in  the  coil  when  revolving  at  some  constant  rate.  There  is  a 
delicate  Thomson^s  galvanometer,  g,  in  the  coil  circuit,  which  shows  when  the 
two  differences  of  potential  are  equal  by  the  absence  of  all  current  through 
it ;  and  when  this  point  has  been  attained,  the  battery  circuit  is  totally  unaf- 
feded  by  its  connedion  with  the  coil.  The  strength  of  the  current  in  A  B  is 
now  to  be  very  carefully  measured  in  absolute  measure  by  an  accurate  abso- 
lute tangent-galvanometer,  G ;  this  current  is  produced  by  an  eledromotive 
force  E  (which  we  have  arranged  to  be  equal  to  the  difference  of  potential 
between  the  ends  A  and  B)  ading  against  the  resistance  R  of  the  wire  A  B  ; 
but  the  eledromotive  force  of  the  coil  is  also  E,  and  therefore  it  could  produce 
exadly  the  same  strength  of  current  against  the  same  resistance  R.  Thus 
the  strength  of  the  current  which  the  calculated  eledromotive  force  E  of  the 
coil  could  produce  against  the  required  resistance  R  is  measured  when  there 
is  no  current  at  all  circulating  in  the  coil.  The  absolute  resistance  of  the  wire 
A  B  is  now  known,  for — 
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k  is  the  constant  depending  on  the  particular  tangent-galvanometer,  and  has 
of  course  been  previously  determined.  The  horizontal  intensity  of  the  earth 
is  eliminated  from  the  result,  as  it  appears  both  in  £  and  C ;  and  this  is  im- 
portant, since  it  is  a  thing  very  difficult  to  determine  accurately,  and  is  liable 
to  local  disturbances.  The  advantages  of  the  whole  method  which  are  pecu- 
liar to  itself  are — first,  that  the  wire  whose  resistance  is  to  be  measured  may 
be  of  the  most  convenient  form  and  material  for  accuracy  and  constancy,  and 
any  wire  whatever  may  be  measured  just  as  easily  as  any  other ;  second,  that 
the  strength  of  the  current  is  not  measured  by  some  arrangement  inside  the 
revolving  coil,  but  by  an  independent  accurate  tangent-galvanometer,  whose 
sensitiveness  maybe  so  adjusted  that  the  needle  may  be  defleded  about  45° ; 
and,  further,  that  by  applying  Bosscha's  modification  of  Poggendorff^s  method 
(that  is,  after  measuring  as  before,  add  a  certain  resistance  to  the  wire  A  B, 
and  then  compensate  it  by  a  known  addition  to  the  external  circuit,  and  so  on) 
the  E.M.F.  of  any  cell  may  be  compared  diredly  with  that  of  the  coil,  and  so 
found  in  absolute  measure.  In  the  discussion  which  followed,  Prof.  Guthrie 
and  the  President  (Prof.  Jellett)  both  doubted  whether  the  irregularities  in  the 
resistance  of  the  commutator  were  wholly  got  rid  of  by  the  method.  Prof. 
Foster  explained  that,  as  when  the  measurement  is  to  be  made  there  is  no 
current  in  the  coil,  a  change  of  resistance  can  have  no  effed.  If  the  circuit 
were  properly  balanced,  the  needle  of  the  galvanoscope  would  remain  at  rest» 
whether  the  resistance  of  the  commutator  were  0  or  00 ;  the  only  thing  is  that 
if  the  resistance  of  the  commutator  were  infinite,  the  coil  would  be  disconneded, 
and  there  would  be  no  experiment ;  so  the  effed  of  an  increase  of  resistance 
at  the  commutator  is  to  diminish  somewhat  the  sensitiveness  of  the  method, 
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but  it  has  no  effed  on  anything  else*  Prof.  Clerk  Maxwell  said  that  the 
method  seemed  capable  of  furnishing  very  good  results,  and  was  well  worth 
putting  into  operation.  He  said,  also,  that  the  change  of  resistance  at  the 
commutator  was  entirely  eliminated,  but  that  the  change  of  E.M.F.,  due  to 
heat  at  the  contads,  was  not ;  however,  Prof.  Lorenz  had  used  a  revolving 
commutator  and  had  not  been  much  troubled  by  this  effed,  and  he  got  rid  of 
what  little  there  was  by  reversing  the  current  in  different  experiments.  The 
commutator  must  be  accurately  made,  so  as  to  cut  off  the  current  a  definite 
proportion  of  each  revolution.  Prof.  Wiedemann  said  it  would  be  important 
to  measure  the  area  of  the  r^olving  coil  accurately,  and  this,  he  thought, 
might  be  found  the  most  difficult  part  of  the  experiments.  Prof.  Maxwell 
then  explained  a  contrivance  he  had  devised  for  ascertaining  the  dimensions 
of  large  coils,  by  letting  a  wheel  (on  whose  axle  a  string  could  wind  itself) 
roll  on  the  wire  as  it  was  wound  on,  and  afterwards  running  this  wheel  along 
a  scale  till  the  string  was  unwound.  The  length  of  the  wire  and  number  of 
turns  is  thus  known,  and  from  these  the  effeSive  area  of  the  coil  is  easily 
found.  Prof.  Maxwell  further  suggested  that  the  commutator  should  only 
make  contad  for  a  very  short  time  in  each  revolution,  as  this  would  do  away 
with  any  self-indudion  (or  extra  currents)  which  might  take  place  if  conta^ 
were  made  long  enough  for  the  current  to  vary  much  in  intensity. 

Mr.  S.  M.  Yeates,  the  excellent  philosophical  instrument  maker,  in  Dublin, 
has  invented  a  most  important  modification  of  the  step-by-step  telegraph. 
In  all  alphabetical  telegraphs  hitherto  made  it  is  essential  that  the  operator 
should  always  move  the  handle  round  in  one  forward  di region,  and  therefore, 
if  a  letter  be  required  which  precedes  the  one  last  indicated,  it  is  necessary  to 
carry  the  pointer  all  the  way  round  the  dial  in  order  to  indicate  the  letter 
required ;  if,  for  instance,  the  word  *'  day  *'  be  transmitted,  the  operator 
moves  the  index  from  zero  to  D,  passing  over  A,  B,  and  C ;  having  thus 
passed  A,  it  becomes  necessaiy  to  go  all  round  the  dial  to  arrive  at  A,  and 
having  passed  Y  must  again  go  round  the  whole  alphabet  before  the  word  is 
completed.  As  each  letter  passed  by  the  transmitting  instrument  sends  a 
current  which  aduates  the  receiving  instrument,  and  makes  its  index  perform 
the  same  motion,  it  follows  that,  in  transmitting  this  little  word  "  day,**  there 
are  no  less  than  49  currents  sent  along  the  line,  and,  as  any  one  of  such 
currents  may  miss«  there  are  49  chances  of  the  instrument  **  tripping,**  as  it 
is  called.  In  Mr.  Yeates's  new  instrument  both  the  transmitting  and  receiving 
instruments  work  backwards  or  forward  indifferently,  and  therefore — in  the 
case  supposed  of  the  word  *'day*' — the  operator,  having  moved  the 
index  to  D,  has  only  to  move  it  back  to  A,  and  then  back  to  Y,  thus  trans- 
mitting the  word  with  only  eleven  contads,  instead  of  forty-nine  as  in  the 
other  cases.  The  great  advantage  gained  by  this  will  at  once  be  seen : — 
First,  it  greatly  increases  the  speed  of  the  instrument;  and  secondly,  it  greatly 
lessens  the  chances  of  tripping. 

M.  Gaiffe  has  devised  apparatus  used  to  light  the  chandeliers  of  the  Paris 
National  Assembly  Hall.  The  hall  is  lighted  by  means  of  chandeliers  con- 
taining 256  burners.  To  each  chandelier  a  wire  conduds  the  eledric  charge, 
but  the  return  currents  traverse  a  single  cable  to  which  all  the  wires  converge. 
Each  wire  at  the  battery  end — or  rather  indudion  coil  end — starts  from  a 
separate  insulated  metallic  button,  which  are  put  in  communication  with  the 
secondary  wire  of  the  coil  bymeans  of  an  excitor  terminated  by  a  ball,  and 
attached  to  the  coil  by  a  chain  ;  the  other  end  of  the  coil's  secondary  wire  is 
is  in  connedion  with  the  return  cable.  The  wire  starts  from  the  button  and 
terminates  at  the  burner ;  it  resumes  its  course  onward  to  the  return  cable, 
the  circuit  being  complete,  with  the*  exception  of  a  small  breakage  at  each 
burner.  To  light  the  hall,  the  coil  is  first  worked ;  then  the  gas  is  turned  on,  and 
the  excitor  applied  to  the  several  buttons  causes  sparks  to  be  emitted  at  each 
burner,  and  thus  enflames  the  escaping  gas. 

M.  Charles  Vavin  has  invented  a  magneto-mechanical  sorter.  Its  objed 
is  to  mechanically  separate  iron  chippings  and  dust  from  the  copper  found 
mixed  with  the  detritus  and  filings  of  fadories.    This  sorting  is  ordinarily 
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accomplished  by  hand.  It  takes  up  much  time,  and  injures  the  workmens* 
healthy  on  account  of  stooping  all  day  over  powdered  materials  containing 
copper.  M.  Vavin*s  apparatus  consists  of  two  hollow  superposed  cylinders 
revolving  in  the  same  diredion,  upon  which  the  material  to  be  sorted  is 
spread  by  a  hopper.  The  surface  of  these  cylinders  is  formed  by  soft  iron  bands 
maintained  in  a  continuous  magnetic  condition  by  magnets.  To  the  surface 
of  these  cylinders  then  the  iron  particles  attach  themselves,  and  at  a  certain 
time  they  are  detached  by  revolving  brushes,  and  thrown  into  a  side  box,  whilst 
the  copper  and  earthy  particles  fall  to  the  bottom  of  the  apparatus.  M.  Man- 
gon  says  he  has  used  this  apparatus  to  search  for  titanous  iron  in  arable  lands 
with  such  successful  results  as  could  never  have  been  attained  by  any  other 
means — chemical  or  otherwise. 

The  following  interesting  discovery,  which  is  likely  to  be  of  considerable 
pradical  importance  in  telegraphy,  was  communicated  by  Mr.  Edison  to  a 
recent  number  of  the  "  Scientific  American."  The  salient  feature  in  Mr. 
Edison's  discovelry  is  the  produdlion  of  motion  and  of  sound  by  the  style  of  the 
Bain  telegraphic  instrument,  without  the  intervention  of  a  magnet  and  arma- 
ture. By  the  motion  thus  produced,  he  works  any  of  the  ordinary  forms  of 
telegraph  printing  or  sounding  instruments,  or  relays,  and  is  enabled  to  send 
messages,  by  dired  tranmission  over  thousands  of  miles  of  wire,  at  the  highest 
speed,  without  re-writing,  delay,  or  difficulty  of  any  kind.  More  than  this, 
his  apparatus  operates  in  a  highly  eifedive  manner,  under  the  weakest  eledlric 
currents,  and  he  is  able  to  receive  and  transmit  messages  by  currents  so  weak 
that  the  ordinary  magnetic  instruments  fail  to  operate^  or  even  give  an  indi- 
cation of  the  passage  of  eledricity.  Thus,  when  the  common  instruments 
stand  still,  owing  to  feebleness  of  current,  the  Edison  telegraph  will  be  at  full 
work.  The  author  has  named  his  discovery  the  eledro-motograph.  The 
instrument  attracted  considerable  notice  at  the  recent  soiree  of  the  Society  of 
Telegraph  Engineers. 

Dr.  Ph.  Carl  has  arranged  a  new  tangent-eledrometer  for  ledures,  which 
unites  very  great  sensibility  with  the  advantage  that  the  eledric  phenomena 
can  be  recognised  at  a  great  distance,  and  can  be  adapted  for  the  execution 
of  absolute  measurements.    The  instrument  is  represented  in  the  figure  one- 


twelfth  its  size.     Upon  a  wooden  support  A  A,  stands  an  insulating  glass  rod, 
»,  which  supports  a  brass  fork,  c,  provided  above  with  steel  bearings.    In 
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these  lies  the  knife-edge  of  a' short  brass  balance-beam,  with  which  is  con-, 
neded  a  long  index  e.  In  the  ends  of  the  aims  of  the  balance  fine  glass 
tubes  (such  as  are  used  for  vaccine  lymph)  are  cemented,  f  p,  covered  with 
shellac  varnish,  and  bearing  at  their  ends  the  elder-pith  balls,  o  o.  Behind 
this  balance  there  stands  upon  the  same  footboard,  a  a,  a  wooden  support, 
H  H,  with  the  scale,  j  j.  On  the  balance-arms  is  cut  a  screw-thread,  by  means 
of  which  the  weights,  K  K — made  in  the  form  of  female  screws^an  be  set  so 
as  to  bring  the  index  b  to  the  zero  point  of  the  scale.  Below  the  balance- 
beam  there  is  a  weight,  z,  to  regulate  the  distance  from  the  centre  of  gravity 
to  the  fulcrum.  It  is  concealed  by  the  fork  c,  and  is  therefore  represented  in 
the  figure  by  a  dotted  line.  If  vulcanite  is  very  slightly  rubbed  upon  fur,  and 
approached  to  the  elder  balls,  o  c,  even  at  a  considerable  distance,  the  maxi- 
mum indication  of  s  is  obtained.  The  eledrometer  can  be  combined,  in  a 
very  simple  manner,  with  a  condenser.  In  the  wooded  foot,  l,  the  perpen- 
dicular glass  rod,  m,  can  be  raised  or  lowered,  and  fixed  at  any  height  desired 
by  means  of  the  screw,  n.  The  rod  m  terminates  above  in  a  vulcanite  sup- 
port, o,  through  which  passes  the  brass  wire,  p,  bent  at  right  angle,  and  bear- 
ing at  one  end  the  small  brass  ball,  q,  and  at  the  other  the  horizontal  copper 
disc,  R,  upon  which  the  condenser  plate,  s,  can  be  placed  by  .means  of  the 
insulating  glass  handle,  t.  The  plates  r  and  s  can  be  unscrewed  and  re- 
placed by  others,  as  may  be  requisite.  In  cases  where  no  condenser  is 
required  the  plate  r  may  be  removed,  and  a  simple  brass  ball  fixed  in  its 
stead.  The  apparatus  is  not  merely  an  eledroscope,  but  an  eledtrometer.  If 
the  disc  r  is  replaced  by  a  brass  ball  connected  with  any  source  of  eledricity, 
the  ball  c  will  be  repelled  to  an  angle  a,  and  the  magnitude  of  the  repelling 
force  is  then  proportional  to  the  tangent  of  the  angle  of  deviation. 
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I.    NIAGARA. 
GlAcial  AKd  Post-Glacial  f  HENOMENAi 

By  Thomas  Belt,  F;G.S. 

HE  glacial  phfcnomena  of  the  distridt  of  tJiagafSi  have 
been  so  often  described,  and  the  cause  of,  and  the 
time  occupied  in,  the  excavatidh  of  the  river  gorge, 
so  often  discussed,  that  I  did  not  expedt,  when,  on  Christ- 
mas-day, I  made  itty  first  visit  to  the  great  falls,  to  have  any* 
thing  new  to  record,  but  went  quite  prepared  to  acc[uiesce 
ih  the  conclusion  that  has  been  received  for  more  than  thirty 
years,  that  the  Whole  of  the  gorge,  from  Queeiistowll  to  the 
falls,  has  been  excavated  since  the  glacial  period.  Since 
this  theory  was  first  advanced,  many  geologists  have  visited 
the  districft,  and,  so  far  as  I  can  learn,  no  one  has  called  in 
5Iuestion  this  verdidt ;  it  has  been  accepted  as  an  esta- 
blished fadlj  and  various  calculations  of  the  time  necessary 
to  excavate  the  gorge  have  been  made,  throwing  back  the 
occurrence  of  the  glacial  period  from  30,000  to  300,000 
years  ago. 

It  was  with  great  surprise,  therefore,  that  1  found,  that  at 
first  sight  this  conclusion  was  not  evident,  and  that,  on 
further  examination,  it  was  not  terialble.  I  feel  that  in 
having  to  oppose  the  theory  that  the  gdrge  of  Niagara  has 
been  excavated  since  the  glacial  period,  I  shall  be  adding 
another  scientific  heresy  to  the  many  that  are  recorded 
against  me ;  but  the  heresies  of  to-day  are  the  truths  of 
to-morrow,  and  I  shall  at  least  give  my  reasons  for  believing 
that  my  explanation  of  the  problem  ought  to  be  classed  in 
the  latter,  and  not  in  the  former  category. 

The  question  of  the  excavation  of  the  gorge  cannot  be 
clearly  understood  without  some  knowledge  of  the  glacial 
deposits,  and  I  shall  in  the  first  place  describe  the  glacial, 
and  afterwards  the  post-glacial  phenomena.  So  many 
authors  have  written  on  the  subjedl,  that  I  shall  only  men- 
tion those  from  whose  works  I  have  obtained  information  of 
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importance.  Foremost  in  the  list  stand  the  names  of  Sir 
Charles  Lyell  and  Professor  James  Hall,  who  visited  the 
distridl  together  in  1841,  and  who  afterwards  published' the 
conclusions,  that  they  appear  to  have  arrived  at  together. 
Sir  Charles  Lyell,  in  the  '*  Proceedings  of  the  Geological 
Society  of  London  "  for  1842  and  1843,  and  more  fully  in  his 
"  Travels  in  North  America,'*  where  there  is  an  excellent 
coloured  bird's-eye  view  of  the  falls  of  Niagara  and  adjacent 
country,  and  also  a  geological  map  of  the  distrift, 
in  which  the  reader  who  has  not  visited  Niagara  may 
corredl  the  false  impression  he  is  likely  to  obtain,  from  the 
necessary  foreshortening  in  the  bird's-eye  view,  of  the  small 
distance  between  the  falls  and  the  whirlpool,  which  are,  in 
reality,  four  miles  apart.  Professor  James  Hall  published 
nearly  identical  opinions  in  the  "  Boston  Journal  of  Natural 
History"  for  1843-44,  and  more  fully  in  the  "Geology  of  New 
York,"  Part  IV.,  in  1843.  The  latter  work  contains  not 
only  a  bird's-eye  view  of  the  distridl,  but  an  excellent  map 
of  the  falls,  construifted  from  a  trigonometrical  survey  made 
in  1841,  by  Mr.  Bakewell :  afterwards  in  1842,  corredted 
by  Professor  Hall  and  two  engineers.  The  whole  of 
Professor  Hall's  observations  on  the  glacial  phenomena 
of  the  State  of  New  York  should  be  read  by  those  interested 
in  the  study  of  the  glacial  period.  They  abound  in  original 
remarks,  and  in  clear  descriptions  of  the  succession  of  the 
superficial  deposits,  and  many  of  the  conclusions  at  which 
this  eminent  state  geologist  arrived  more  than  thirty  years  ago 
are  only  now  receiving  in  England  the  attention  they  deserve. 
Professor  Hall  also  describes  other  rivers  running  into  Lake 
Ontario  from  the  south,  which,  like  Niagara,  have  had  their 
pre-glacial  channels  filled  up,  and  have  since  taken  a  more 
westerly  course  to  the  lake. 

In  1859,  Professor  Ramsay  published,  in  the  **  Quarterly 
Journal  of  the  Geological  Society,"  his  observations  on  the 
glacial  phenomena  of  Canada,  made  during  a  trip  to  that 
country  in  the  preceding  year.  In  this  memoir  he  pointed 
out,  I  believe  for  the  first  time,  that  the  river  must  have 
commenced  to  cut  back  the  gorge  at  Queenstown,  before  the 
close  of  the  glacial  period. 

To  Dr.  Newberry,  the  accomplished  chief  of  the  Geological 
Survey  of  Ohio,  I  am  greatly  indebted,  not  only  for  much 
personal  kindness  and  assistance,  but  for  an  early  copy  of 
his  "  Surface  Geology,"  to  be  published  in  the  forthcoming 
volume  on  the  "Geology  of  Ohio,"  from  which  I  have  obtained 
a  vast  amount  of  information  respecting  the  glacial  deposits 
of  the  district  of  the  great  lakes.     A  very  large  amount  of 
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information  is  contained  in  the  well-known  works  of  Prof. 
Dana,  not  only  in  his  admirable  "  Manual  of  Geology,** 
but  in  various  memoirs,  amongst  which  I  may  especially 
mention  his  "  Geology  of  theNewhaven  Region,'*  published  in 
the  "  Transadlions  of  the  Connecticut  Academy"  in  1870.  I 
may  mention,  that  with  the  exception  of  Dr.  Dawson,  of 
Montreal,  the  whole  of  the  most  eminent  of  the  geologists 
of  eastern  North  America  are  now  agreed  that  the  prin- 
cipal glaciation  of  America  was  effed^ed  by  land-ice,  though 
there  is  abundant  proofs,  as  I  shall  have  occasion  to  show  in 
this  paper,  that  at  a  later  stage,  boulders  were  scattered 
over  the  country  by  floating  icebergs.  That  later  stage  of 
floating  ice  was  due,  however,  I  contend,  both  in  America 
and  Europe,  not  to  a  submergence  of  the  land  below  the 
ocean,  but  to  the  production  of  immense  lakes  of  fresh 
water,  by  the  damming  up  of  the  drainage  of  the 
continents  by  ice  that  flowed  principally  down  the  ocean 
depressions.  In  this  conclusion,  I  have  as  yet  no 
supporters  amongst  the  geologists,  either  of  America  or 
Europe,  if,  indeed,  I  may  not  except  Professor  Hall,  who 
informed  me,  in  conversation,  and  authorised  me  to  publish 
his  opinion  that  the  sea  has  never  encroached  on  south- 
eastern New  England  since  the  deposition  of  the  "^i//,"  and 
that  the  terraces  of  the  Hudson  and  Connecticut  were  pro- 
duced by  the  blockage  of  their  waters  by  ice  that  flowed 
down  the  ocean  bed,  and  of  the  presence  of  which  we  have 
proof  in  the  immense  moraines  that  compose  the  whole  of 
Cape  Cod. 

Glacial  Phenomena. 

The  rocks  through  which  the  gorge  of  Niagara  is  cut  are 
limestones,  sandstones,  and  shales.  These  rocks  are  all 
rounded  and  smoothed,  and  the  limestones  are  frequently 
scratched  and  grooved.  Besides  the  coarser  ice  marking, 
the  rounded  and  smoothed  surfaces  of  rock,  when  examinecl 
closely,  exhibit  innumerable  fine  scratches,  which  have  been 
ascribed  by  Hall  to  small  particles  of  sand  imbedded  in  the 
ice  that  moulded  the  rocks,  and  he  has  shown  the  improba- 
bility that  this  moulding  and  fine  scratching,  which  is  uni- 
versal over  the  whole  northern  part  of  the  State  of  New 
York,  wherever  the  rocks  are  of  suflicient  hardness  to  re- 
ceive and  retain  striae,  could  have  been  effecfted  by  icebergs. 
Lying  on  these  glaciated  rocks  are  superficial  deposits  of 
drift,  containing  beds  of  unstratified  clay,  with  boulders, 
sands,  and  loam.  These  are  spread  over  the  whole  distri<5t 
like  a  mantle,  so  that  natural  exposures  of  the  bed  rock  are 
rare,  excepting  in  the  gorges  cut  by  the  river. 
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The  cliffs  bordering  the  gorge,  from  the  falls  to  Queens- 
town,  are  everywhere  capped  by  these  deposits  ;  one  of  the 
most  interesting  and  instructive  sections  of  which  is  exposed 
at  the  whirlpool,  four  miles  below  the  falls,  at  the  end  of  the 
filled'Up  pre-glaciai  gorge  that  runs  down  to  St.  David's. 
The  following  setflion  exhibits  the  succession  of  deposits 
that  fill  the  old  gorge ; — 


The  lowest  bed  seen  by  me  at  the  seAion  is  that  marked 
A,  which  consists  of  clean  yellow  river  sand,  with  occasional 
seams  and  rolled  lumps  of  clay.  Below  these  sands  there 
were  exposed,  when  Lyell  described  the  beds,*  strata  of 
pebbles,  cemented  together  by  carbonate  of  lime,  overlying 
laminated  clayS'  I  saw  one  large  mass  of  the  pebbly  con- 
glomerates lying  on  the  beach,  and  have  shown  its  position 
in  the  section  underlying  a,  but  I  have  not  inserted  the 
laminated  beds  mentioned  by  Lyell,  as  some  that  I  saw 
low  down  in  the  gorge  had  evidently  slipped  down  from  A 
and  B,  the  whole  face  of  the  unconsolidated  materials  filling 
the  gorge,  showing  many  slips  produced  by  rain  and  frost. 

The  bed  of  laminated  sands  (a  in  sedtion)  graduates  up- 
wards into  fine  laminated  silt  (b  in  seftion),  the  powder  of 
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which  is  almost  impalpable  when  rubbed  between  the  fingers. 
Higher  up  this  silt  is  unlaminated,  and  contains  a  few  small 
angular  stones.  It  gradually  changes  upwards  into  c,  which 
is  a  true  **till,**  or  '*gru7td  morane,**  containing  large  angu- 
lar and  subangular  stones,  many  of  great  size,  scratched 
and  grooved.  All  the  blocks  imbedded  in  the  clay  are  of 
the  local  limestones.  A  few  rounded  boulders,  of  northern 
origin,  lie  on  the  surface  slope,  but  they  have  evidently 
rolled  down  from  above.  The  higher  part  of  c  contains 
fewer  and  fewer  stones,  until  it  merges  into  D,  which 
is  composed  of  unstratified  clay  or  **  rt//,"  without  stones. 
Of  this  there  is  from  twenty  to  thirty  feet  in  thickness, 
the  upper  part  being  more  sandy  than  the  lower,  and 
sometimes  obscurely  stratified.  On  the  surface  are  a  few 
rounded  boulders  of  granite  or  gneiss,  all  far  travelled  from 
the  north,  and  it  is  noticeable,  that  whilst  the  angular 
blocks  in  the  "  till "  are  all  of  local  origin,  those  lying  on 
the  surface  are  almost,  if  not  quite,  always  of  distant  deri- 
vation, and  are  invariably  rounded  or  subangular.  Those 
seen  on  the  surface,  near  the  whirlpool,  were  all  of  granite 
or  gneiss.  The  continuation  of  the  till  (c  and  D  in  seftion)  is 
shown  in  some  small  valleys  that  run  into  the  gorge  at  the 
whirlpool. 


iSedtion  of  tmall  valley  ruiHiing  down  to  the  gcrgc  tt  the  whirlpool,    c,  till  with  itones;  d,  till 
without  itoBes ;  b,  rounded  bouldere  of  northern  origin  on  surface. 

Here  the  till  (c  and  D  in  section)  lies  upon  the  rounded  and 
smoothed  surfaceof  the  limestone.  Someof  the  blocks  of  lime- 
stone at  this  point  are  of  great  size ;  one  I  measured  wasgfeet 
by  6  feet,  its  thickness  not  seen,  as  it  was  half  buried  in  the 
ground.  On  the  opposite  side  of  the  river,  and  about  a  mile 
distant  from  it,  I  saw  exad^ly  the  same  succession  of  beds 
exposed  in  the  cutting  of  the  railway,  half  way  between  the 
railway  bridge  and  Lewiston.  The  northern  end  of  the  old 
filled-up  gorge  at  St.  David's  shows  a  similar  succession  of 
beds,  with  the  addition,  that  on  mounting  the  plateau  from 
the  lower  one  of  the  lake  of  Ontario,  I  found,  exposed  in 
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railway  cuttings,  that  the  till  without  stones  was  capped  by 
stratified  beds  of  clay  and  sand,  with  a  few  lines  of  small 
pebbles. 

The  above  sedlions  may  be  taken  as  typical  ones  of  the 
superficial  beds  that  mantle  the  whole  of  the  northern  part 
of  the  States  of  New  York  and  Ohio,  and  much  of  Canada, 
and  I  proceed  to  show  that  they  are  exadtly  what  would  be 
produced  by  the  accumulation  of  a  great  mass  of  ice  in  the 
north,  that  gradually  progressed  southward,  and  that  after- 
wards melted  back  again  as  gradually  as  it  had  ad- 
vanced. 

Let  us  carry  ourselves,  in  imagination,  back  to  the  pre- 
glacaal  times,  when  the  old  river  ran  through  the  iilled-up 
gorge  from  the  whirlpool  to  St.  David's,  and  try  to  follow 
the  successive  steps  by  which  it  was  filled  up,  and  ulti- 
mately completely  obliterated,  or  rather  concealed.  Let  us 
bear  in  mind  that  the  Niagara  runs  northward,  in  the  di- 
redlion  from  whence  the  ice  came.  Hall,  Dana,  Newberry, 
Lyell,  and  Ramsay,  have  all  pointed  out  both  from  the 
scratchings  of  the  rocks  and  from  the  transported  blocks  in 
the  till,  that  the  movement  of  the  ice  was  from  the  north. 
It  has  also  been  clearly  shown  that  the  ice  fiowed  up  the 
St.  Lawrence  valley,  from  the  north-east.  It  advanced  up 
the  slope  of  that  great  valley  principally  by  the  overflow  of 
the  higher  parts  of  the  ice  over  the  lower.  That  there  was 
some  movement  of  the  lower  part  of  the  ice  from  the  pres- 
sure from  the  north  is,  however,  sufiiciently  proved  by  the 
different  formations  that  crop  out  from  east  to  west,  having 
furnished  stones  to  the  till  that  covers  the  rocks  immediately 
to  the  south  of  them.  Thus,  according  to  Hall,  huge  blocks 
of  Medina  sandstone  are  moved  southward  unto  the  top  of 
the  Niagara  limestone.  In  like  manner,  numerous  masses 
of  the  Niagara  limestone  are  drifted  forward  unto  the  Onon- 
dago  salt  group,  and  still  further  south,  on  the  Chemung 
limestone,  lie  great  numbers  of  immense  blocks  from  the 
Onondago  salt  group  to  the  north.  The  size  of  these  frag- 
ments bears  a  proportion  to  the  distance  they  have  been 
transported  from  the  parent  block,  the  largest  being  nearest 
to  it.  This  is  characteristic  only  of  the  till,  and  not  to  the 
northern  boulders  that  are  strewn  over  the  surface,  and 
which  have  not  been  transported  from  their  distant  northern 
homes  by  land  ice. 

The  immediate  effe<5l  of  the  ice,  as  soon  as  it  had  dammed 
up  the  mouth  of  the  valley  of  the  St.  Lawrence,  must  have 
been  to  form  a  great  fresh  water  lake  in  front  of  it,  on  which 
it  was  constantly  advancing.     When,  after  filling  the  basin 
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of  the  Lake  of  Ontario,  it  had,  in  its  progress  south-west- 
ward, reached  the  base  of  the  cliffs  of  the  Queenstown 
escarpment,  or  had  dammed  back  the  water  to  that  level, 
the  commencement  of  the  filling  up  of  the  old  Niagara 
gorge  was  at  hand,  and  from  that  time,  during  the  advance 
of  the  ice  and  its  subsequent  retreat,  the  deposits  of  sand,  till, 
and  boulders  shown  in  the  sections  were  made.  The  first 
step  was  the  partial  arrest  of  the  flow  of  the  old  river, 
causing  it  to  deposit  at  a  higher  level  than  its  original  bed, 
first  pebbles  forming  the  conglomerate  at  the  base  of  the 
section  in  fig.  i,  and  then  the  thick  bed  of  river  sand,  when 
the  current  was  still  more  impeded.  The  bed  of  fine  silt 
(b  in  fig.  I)  marks  the  time  when  the  flow  of  water  to  the 
north-east  was  completely  stopped.  Dr.  Newberry,  several 
years  ago,  first  drew  attention  to  the  fa<5l,  that  at  some  time 
during  the  glacial  period,  all  the  great  lakes  of  North 
America  drained  towards  the  Ohio  and  the  Mississippi,  and 
since  then,  several  deep  channels  by  which  they  did  so  have 
been  described. 

I  did  not  see  this  fine  bed  of  silt  m  any  of  the  other  sec- 
tions I  examined,  and  I  think  its  preservation  in  the  one  at 
the  whirlpool  must  have  been  entirely  due  to  the  protection 
the  nearly  perpendicular  walls  of  the  gorge  afforded  against 
the  great  pressure  of  the  ice  that  passed  over  it.  Its  upper 
portion  contains  small  angular  stones,  and  it  gradually 
merges  into  the  unstratified  till,  containing  large  angular 
blocks. 

It  is  probable  that,  during  the  advance  of  the  ice,  no  till 
or  grund  morane  was  formed  below  it,  but  that  the  smooth- 
ing and  scratching  of  the  surfaces  of  the  solid  rocks  were 
then  effedled,  and  that  the  till  was  deposited  beneath  the 
ice  when  it  was  melting  back,  and  its  pressure  being  gra- 
dually lessened.  Mr.  Bonney  has  objected  to  the  theory  of  both' 
the  erosion  of  rock  surfaces  and  the  deposition  of  till  having 
taken  place  below  the  ice.*  But  the  two  actions  belong  tO' 
different  times ;  the  one  was  accomplished  during  the  ad- 
vance, the  other  during  the  retreat  of  the  ice.  The  effedts 
are  similar  to  those  of  a  mountain  torrent,  which,  when  full, 
carries  all  before  it,  but  which,  when  its  waters  lessen, 
deposits  stones  and  mud  in  its  course.  During  the  advance 
of  the  ice,  there  could  be  little  deposition  below  it,  all  the 
stones  held  at  the  bottom  of  the  moving,  mass  being  pro- 
bably ground  to  powder ;  but,  as  it  melted  back,  the  stones 
and  clay  held  within  it  would  be  deposited  at  its  foot.^ 

*  Nature,  vol.  >.,  p.  85. 
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Dana,  in  an  excellent  paper  on  the  Glacial  Era  in  New 
England,  has  ably  argued  this  question,  and  has  shown  the 
enormous  power  that  moving  ice,  6000  feet  thick,  with  a 
pressure  of  at  least  300,000  pounds  to  the  square  foot,  would 
have  in  abrading  the  rock  surfaces  below  it,  and  carrying 
forward  in  its  lower  part  the  loose  material  it  had  broken 
off  or  caught  up  from  the  rocks  below,  and  how  the  whole 
of  this  would  be  deposited  at  the  melting  of  the  ice.*  It 
would  greatly  conduce  to  clear  descriptions  of  glacial  phe- 
nomena, if  the  old  term  "  till "  were  confined  to  this  deposit. 
It  is  the  "Erie  clay"  of  Dr.  Newberry,  the  "Lower 
Boulder  clay"  of  Wood,  the  *' grund  morane**  and  the 
"  moraine  profoyidt  "  of  others.  "  Erie  clay  "  is  a  local 
name,  and  includes  stratified  beds  of  a  different  origin. 
"  Boulder  clay "  is  often  a  misnomer,  as  frequently  this 
clay  contains  no  boulders.  **  Grund  morane  "  and  "  moraine 
profonde "  indicate  a  particular  mode  of  origin,  which, 
though  probably  correcSt,  is  still  theoretical.  "  Till "  is  an 
old  English  word,  long  applied  to  this  deposit,  and  may  be; 
used  by  every  one,  whatever  theory  of  origin  they  may 
favour.  I  suggest,  therefore,  that  it  should  be  conhned  to 
designate  the  unstratified  clay  with  angular  blocks,  gene- 
rally of  local  origin,  that  lies  at  the  bottom  of  all  the  glacial 
beds,  and  that  the  term  "  boulder  clay  "  should  be  applied  to 
the  higher  beds,  which  show  the  adlion  of  water  as  well  as  of 
ice.  The  term  "  drift "  might  be  applied  to  any  glacial 
deposit  the  nature  and  origin  of  which  is  doubtful,  in  the 
same  way  as  the  name  ••  trap  "  is  used  for  many  igneous 
rocks  of  unascertained  composition. 

The  preservation  in  the  St.  Lawrence  valley,  and  in  the 
Great  Lake  district,  of  beds  of  loose  laminated  sands  and 
clays  lying  below  the  till  is  due,  as  has  been  shown  by  Dr. 
Newberry,  to  the  fadl,  that  the  ice  was  rising  against  the 
slope  of  the  land.  It  had,  in  consequence,  little  erosive 
power,  but  advanced  principally  by  the  slipping  of  the 
higher  portions  of  the  ice  over  the  lower.  When  it  topped 
the  southern  water-shed  of  the  valley  of  the  St.  Lawrence, 
its  a<5lion  produced  a  different  set  of  phenomena,  for  its 
motion  was  down  the  slope  of  the  land,  and  its  erosive 
power  was  vastly  increased.  With  this  subjedt  I  shall  not 
here  deal,  nor  shall  I  attempt  to  trace  the  limits  of  the  ice 
in  its  greatest  extension,  as  that  would  lead  me  into  a  dis- 
sertation on  the  whole  of  the  glacial  period  in  Nortb 
America,  far  beyond  the  scope  of  this  paper. 

*  American  Journal  of  Science  and  Artii,  vol.  v.,  March,  1873. 
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As  the  ice  melted  back,  it  deposited  the  unstratified  till 
under  its  receding  foot,  leaving  a  continuous  mantle  of  it 
behind.  Lying  on  the  top  of  the  till  are  seen  scattered 
rounded  boulders  (e  in  secStion),  often  of  great  size,  of  gra- 
nite, gneiss,  and  other  crystalline  rocks,  that  must  have  tra- 
velled from  the  Lawrentian  hills  in  the  far  north.  Amongst 
these,  rocks  of  local  origin  are  as  scarce  as  in  the  till  below 
those  of  distant  derivation  are  rare.  These  foreign  boulders 
are  scattered  over  the  surface,  as  if  dropped  by  some  agent 
that  has  left  no  other  record  of  its  movements.  The  rounded 
far-travelled  blocks  lie  on  soft  unconsolidated  beds  that  have 
not  been  disturbed.  In  some  places,  as  on  the  top  of  a  low 
hill  on  the  Canadian  side  of  the  falls,  I  found  great  numbers 
of  these  blocks,  and  in  some  parts  of  northern  New  England 
and  New  York,  great  trains  are  found  in  lines  along  the 
sides  of  hills,  as  if  stranded  on  a  beach.  They  are  found  on 
the  western  prairies,  according  to  Professor  Hall,  in  long 
trains,  "where,  for  many  miles,  the  difference  in  elevation 
is  not  more  than  50  feet ;  and  here  we  observe  long  lines  of 
boulders  stretching  away  for  miles  beyond  the  reach  of 
vision,  as  if  once  formerly  a  line  of  coast."*  Speaking  of 
the  valley  of  the  Hudson,  Professor  Hall  says : — "  In  the 
vicinity  of  Albany  and  Troy,  I  have  searched  in  vain  for  a 
boulder  or  pebble  of  granite,  or  of  any  rock  older  than  the 
Potsdam  sandstones  in  the  deposits  below  the  clay,  while,  in 
a  period  subsequent  to  the  deposition  of  the  clays  and  sands, 
boulders  of  granite  are  by  no  means  rare."t 

Only  one  satisfactory  explanation  has  been  given  of  the 
presence  of  these  far-travelled  blocks  on  the  surface  of  the 
undisturbed  loose  beds  of  sand  and  clay,  namely,  that  they 
have  been  dropped  from  floating  ice,  and  most  writers  on  the 
subjedt  have  concluded  that  they  are  proofs  of  the  submer- 
gence of  the  land  below  the  sea.  There  is  certainly  an  area 
of  land  running  from  Lake  Champlain  northwards  that  has 
been  elevated  from  below  the  level  of  the  ocean  since  the 
glacial  period,  but  there  is  no  evidence  whatever  that  the 
sea  extended  over  the  plateau  of  Lake  Erie,  and  the  entire 
absence  of  marine  remains  renders  the  supposition  un- 
tenable. And  if  we  follow  the  natural  sequence  of  events 
that  must  have  ensued  during  the  retreat  of  the  ice,  we 
shall  see  that  there  is  no  occasion  to  call  in  the  agency  of 
the  sea.  For  just  as,  during  its  advance,  the  ice  from 
the  north-east  had  blocked  up  the  great  valley  of  the  St. 

*  Natural  History  of  New  York,  part  iv.,  p.  321. 
f  Ihid,,  p.  320. 
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Lawrence  and  changed  it  into  an  immense  lake,  so,  during  its 
retreat,  it  must  have  done  the  same.  Probably  it  did  so  to  a 
greater  extent,  not  only  because,  in  its  retirement,  it  had 
left  moraines  and  deposits  of  till,  blocking  up  the  deep  chan- 
nels draining  into  the  Ohio  and  the  Mississippi,  but  because, 
during  the  greatest  accumulation  of  ice,  the  land  north- 
wards, and  especially  the  area  of  the  St.  Lawrence,  had 
been  depressed,  and  an  immense  sheet  of  fresh  water, 
dammed  back  by  the  lower  part  of  the  valley  of  the  St. 
Lawrence,  being  still  filled  with  ice,  stretched  south-west- 
ward and  northward.  On  the  northern  shores  of  this  great 
lake  glaciers  still  came  down  from  the  Lawrentian  hills, 
and  gave  birth  to  icebergs  that  floated  southward,  dropping 
boulders  of  granite,  gneiss,  and  other  crystalline  rocks,  on 
the  bed  of  the  lake,  or  stranding  on  its  shores,  and  there  de- 
positing their  freight.  During  this  time  were  also  formed 
many  stratified  beds  of  sand  and  gravel  that  lie  above  the 
till,  and  to  it  belong  most  of  the  deposits  of  the  "  terrace 
epoch  "  of  Dana  which  were  formed,  not  after,  but  during 
the  glacial  period. 

Before  leaving  this  branch  of  my  subjedl,  I  must  again 
advert,  as  I  have  done  in  previous  papers,  to  the  great  im- 
portance of  a  proper  appreciation  of  the  effeft  of  the  stop- 
page of  the  drainage  of  the  northern  parts  of  the  continents 
during  the  glacial  period.  It  was  not  only  a  period  of 
erosion  and  transportation  of  rocks,  but  of  great  fresh  water 
deposits ;  and  I  fully  believe  that  the  fresh-water  and  inland 
sea  beds  that  Professor  Ramsay  proves  to  have  been  de- 
posited in  old  red  sandstone  and  Permian  times  were  due  to 
former  glacial  periods,  that  of  the  Permian  epoch  being 
greater  than  the  last  one,  and  resulting  in  such  a  lowering 
of  the  level  of  the  ocean,  that  there  was  great  destruction  of 
marine  life  by  the  increased  salinity  of  the  sea. 

There  are  many  proofs  that  the  ice  was  thickest  and 
highest  during  the  glacial  period  in  the  bed  of  the  Atlantic. 
That  which  advanced  up  the  valley  of  the  St.  Lawrence 
came  from  the  diredtion  of  Greenland,  and  the  whole  of  the 
.  eastern  coast  of  America,  down  as  far  south  as  New  York, 
must  have  been  blocked  up  by  it.  This  is  proved,  not  only 
by  the  many  fresh-water  beds  and  terraces  due  to  the  dam- 
ming back  of  the  rivers,  but  by  the  direction  taken  by  the 
continental  ice.  Thus,  over  the  higher  summits  of  New 
England,  the  scratches  point  to  the  south-east  and  not  to 
the  east,  as  they  would  have  done  if  the  ice  had  been  free 
to  move  direftly  towards  the  ocean.  I  think  that  this 
shows  that  the  bed  of  the  ocean  was  then  occupied  by  ice. 
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and  it  could  not  fail  to  be  so,  for  to  the  land  it  occupied  the 
position  of  a  great  valley,  down  which  the  ice  from  the  north 
would  naturally  flow.  I  do  not  think,  however,  that  the 
time  of  the  greatest  extent  of  ice  in  the  sea-bed  was  the 
same  as  that  of  the  greatest  thickness  of  ice  on  the  land  ; 
for,  as  the  margin  of  the  ice  of  the  ocean-bed  moved  south- 
ward, it  would  cut  off  the  moisture-bearing  currents  tra- 
velling towards  the  land,  and  gather  to  itself  the  precipita- 
tion from  them.  Thus,  I  think  it  was  that  the  ice  on  the 
land  shrunk  back,  at  the  time  of  the  greatest  extent  of  that 
which  occupied  the  bed  of  the  Atlantic ;  and  we  have,  both 
in  America  and  Europe,  a  period  of  land-ice,  followed  by 
one  of  fresh-water  deposits  and  fresh-water  borne  ice- 
bergs. 

I  endeavoured  to  show  in  my  paper,  published  in  this 
journal  in  Odtober  last,  that  the  ice  from  Greenland  also 
reached  the  western  coast  of  Europe.  It  passed  across  Ice- 
land, and  overflowed  Caithness.  Iceland  is  so  hugely  gla- 
ciated, that  we  may  conclude  the  northern  ice  invaded  it 
also;  and,  extreme  as  the  view  may  seem,  I  can  And  no 
other  satisfactory  explanation  of  the  fadt,  that  the  whole  of 
the  south  of  England  is  mantled  by  fresh-water  glacial 
beds,  than  on  the  supposition  that,  at  the  height  of  the 
glacial  period,  the  English  Channel  was  blocked  up  to  the 
south-west  by  ice  that  extended  in  an  unbroken  mass  from 
Greenland.  I  sought  in  vain,  before  my  last  visit  to  North 
America,  for  a  satisfadlory  solution  of  the  presence  of  the 
fresh-water  gravels  and  floated  boulders  of  the  south  of 
England,  and  was  driven  to  suppose  that  one  or  more  bar- 
riers of  land  must  have  existed  in  the  western  part  of 
the  British  Channel ;  but,  after  seeing  how  the  ice  in  the 
bed  of  the  Atlantic  blocked  up  the  water-shed  of  the  eastern 
seaboard  of  North  America,  ten  degrees  of  latitude  further 
south,  I  have  no  difficulty  in  imagining  that  it  may  also 
have  blocked  up  the  English  Channel,  and  caused  the  for- 
mation of  the  high  and  low-level  gravels,  the  beds  of  the 
Rhine,  and  the-  floated  boulders  of  Devonshire,  Somerset- 
shire, and  Wales.  I  venture  to  predid^,  that  evidence  will 
yet  be  found  of  the  encroachment  of  the  edge  of  this  ice 
from  the  north-west  upon  the  Continent,  probably  upon  the 
coast  near  Brest,  and  I  also  expeft  that  traces  will  be  dis- 
covered of  the  great  flow  of  water  that  must  have  taken  place, 
either  round  the  south-eastern  termination  of  the  ice,  or 
around  the  mountains  of  Britany,  into  the  valley  of  the 
Loire. 
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Post-Glacial  Phenomena. 

When  the  ice  had  retired  so  far  back  as  to  leave  the 
channel  to  the  St,  Lawrence  valley  again  open,  the  waters 
of  Lake  Ontario  began  to  re-flow  in  that  dire<5tion.  From 
the  whirlpool,  northward,  they  did  not  run  in  their  old 
channel,  but  took  a  more  easterly  course.  This  may  have 
been  because  the  lowest  outlet  through  the  moraines  left 
by  the  ice  was  in  that  direction,  as  Dana  has  suggested ; 
but  I  think  it  more  likely  that  it  was  because  the  ice  retired 
from  the  eastward  first.  If  we  look  at  a  map  of  the 
southern  side  of  Lake  Ontario,  we  shall  find  that  most  o£ 
the  rivers  have  been  diverted  in  the  lower  part  of  their 
courses  to  the  eastward,  indicating  that  the  cause  was  not 
one  of  accidental  configuration  of  the  ground,  but  some  such 
general  one  as  the  early  retirement  of  the  icy  barrier  from 
the  eastern  part  of  the  lake. 

Wherever  the  river  first  commenced  to  flow,  there  it  was 
likely  to  cut  down  through  the  rocks,  for  it  would  soon 
make  for  itself  a  channel  through  the  loose  drift  lying  on  the 
surface ;  and  between  the  banks  of  that  channel  it  would  be 
confined,  and  there  only  operate  on  the  hard  rocks  below, 
just  as,  in  copper  engraving,  the  acid  only  afts  on  the  plate 
in  the  lines  cut  through  the  soft  wax  covering  it.  To  make 
clear  the  argument  in  the  question  we  have  to  discuss, 
namely,  how  much  of  the  gorge  in  which  the  river  now 
runs  has  been  excavated  out  of  the  solid  rocks  since  the 
glacial  period,  I  must,  in  the  first  place,  dire(5t  attention  to 
the  sketch  plan  (Fig.  3)  of  the  old  and  new  gorges  at  the 
whirlpool,  four  miles  below  the  falls.  The  sketch  is  founded 
principally  on  a  small  plan  in  Lyell's  "  Travels  in  North 
America,"  and  partly  from  my  own  observations  and  sketches 
on  the  spot.  I  regret  that  I  cannot  give  an  accurate  plan, 
and  I  could  not  learn  that  any  complete  survey  has  ever 
been  made. 

Standing  at  the  summer-house,  on  the  American  side,  at 
the  point  where  the  river  takes  a  sudden  bend  to  the  east- 
ward, I  looked  across  the  whirlpool  to  the  old  gorge  oppo- 
site, and  the  question  at  once  presented  itself  to  my  mind — 
from  this  point  there  are  two  channels  downwards,  one 
excavated  before,  the  other  after,  the  glacial  period  ;  to 
which  does  the  one  upwards  to  the  falls  belong?  This 
question  does  not  appear  to  have  occurred  to  the  authors  of 
the  theory,  that  the  whole  of  the  gorge  through  which  the 
river  now  runs,  from  the  falls  to  Queenstown,  is  post- 
glacial.    But  why  might  not  the  old  pre-glacial  river  have 
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excavated  the  gorge  above  the  whirlpool,  as  well  as  the  old 
one  below  it,  and  the  present  river  have  only  cut  back  the 
gorge  from  Queenstown  to  the  whirlpool,  and,  from  that 
point  upwards,  have  re-occupied  and  cleared  out  the  old 
channel  ?  On  the  face  of  it,  the  latter  alternative  seemed 
to  me  more  likely,  for  the  river  above  the  whirlpool  is  run- 
ning in  a  diredl  line  for  the  old  gorge,  and  is,  moreover, 
about  the  same  width  as  it  is,  the  gorge  to  Queenstown 
being  narrower.     I  found,  with  surprise,  that  this  important 

Pi^,    3. 


Plan  of  the  old  and  new  gorges  of  Niagara  river  at  the  whirlpool. 

point  had  been  overlooked,  and  that  it  had  been  assumed, 
without  discussion,  that  the  gorge  above  the  whirlpool  be- 
longed to  the  new,  and  not  to  the  old  river. 

I  determined  at  once  to  devote  the  time  I  could  spend  at 
Niagara  to  the  elucidation  of  this  question,  and  soon  found 
some  data  bearing  on  the  subject.  Lyell  and  Hall  both 
noticed  the  terraces  formed  in  the  superficial  deposits,  when 
the  river  commenced  to  cut  back  the  new  gorge  from 
Queenstown.  These  mark  its  course  when  it  flowed  along 
the  top  of  the  plateau,  and  it  seemed  to  me  unlikely,  that  if 
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the  goi^e  above  the  whirlpool  was  pre-glacial,  that  the  post- 
glacial river  would  have  followed  exa<5tly  the  same  line 
when  it  was  bounded  only  by  the  supei-ficial  deposits  that 
marked  the  older  features  of  the  country.  I  found  that, 
above  the  whirlpool,  the  post-glacial  river  had  run  in 
different  channels,  having,  apparently,  often  changed  its 
course  in  the  superficial  deposits.  ThusLyell  has  described 
one  of  these  deserted  channels  that  ran  from  the  muddy 
river  to  the  whirlpool.*  Another,  I  noticed,  ran  down  from 
behind  the  town  of  Niagara-falls.  In  some  places,  the 
terraces  and  ridges  that  bounded  the  old  river  come  down 
to,  and  are  cut  off  by,  the  present  gorge  ;  at  other  places 
they  retire  back  for  at  least  100  yards  from  it.  They  prove 
that,  before  the  present  river  was  conhned  in  its  rocky 
gorge,  it  often  changed  its  channel,  as  rivers  do  now  that 
run  through  superficial  deposits  over  a  nearly  level  plain. 

On  the  Canadian  side,  a  little  above  the  whirlpool,  two  of 
these  terraces  come  down  to  the  gorge,  and  are  cut  off  by  it. 
Their  dtreiftion  is  shown  by  dotted  lines  in  the  sketch  plan 
of  the  river  gorges  at  the  whirlpool  (fig.  3,  p.  147),  and  the 
following  figure  is  a  seiftion  through  them  at  the  line  c  D,  in 
plan. 


There  are  here  shown  two  river  terraces,  of  which  the 
highest  and  oldest  has  been  formed  by  the  washing  off  by 
the  river  of  the  clay  without  boulders  (d),  from  that  with 
boulder  (c),  leaving  a  level  terrace,  excepting  where  it  is 
capped  hy  the  river  ridge  (g).  The  river  at  the  whirlpool 
has  cut  back  into  the  old  gorge,  clearing  out  the  entrance 
to  it  and  cutting  off  this  terrace,  but  oif  the  other  side  of  the 
old  gorge  it  re-appears  and  continues  on,  parallel  to  the 
course  of  the  present  river,  and  without  any  reference  to 

•  Travel*  in  North  Am«ric»,  vol.  i..  p.  41. 
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the  old  blocked-up  channel,  across  which  it  had  evidently 
been  at  one  time  continuous. 

This  terrace  must  have  been  formed  when  the  river  was 
much  wider  than  now,  and  flowing  so  slowly,  that  it  had 
only  power  to  cut  through  the  unconsolidated  sandy  clay, 
without  stones.  The  lower  terrace  marks  a  later  stage, 
when,  by  the  cutting  back  of  the  gorge,  the  river  ran  with  a 
swifter  current,  at  a  lower  level,  and  in  a  narrower  channel, 
and  cut  through  the  lower  till  to  the  solid  rock  below.  It  marks 
the  last  stage  in  the  present  river's  course,  before  it  occupied 
the  gorge  cut  through  the  Silurian  limestones.  The  ridge 
capping  the  bank  of  the  old  river-bed  must  have  been  heaped 
up  during  floods.  It  is  well  exposed,  though  in  danger  of 
total  obliteration,  as  it  is  being  carted  away  for  gravel.  The 
stones  in  it  are  all  rounded,  like  true  river  gravel.  Mixed 
through  it,  often  filling  the  interstices  between  the  stones, 
are  multitudes  of  fresh-water  shells  belonging  to  the  genera 
Melania,  Limnea,  Unto,  and  Cyclas.  I  was  able  to  confirm 
the  observation  of  Lyell,  that  the  assemblage  of  species  is  the 
same  as  that  now  found  in  the  river  above  the  falls. 
Amongst  the  stones  of  the  present  beach  above  Goat  Island, 
I  found  shells  of  the  same  species  as  I  did  in  the  old  ridge 
above  the  whirlpool,  and  in  not  much  better  state  of  preser- 
vation ;  indeed,  excepting  that  I  had  labelled  the  boxes  con- 
taining the  diflferent  sets,  I  could  scarcely  now  tell  which 
were  the  older  of  the  two.  This  assemblage  of  dead  shells 
in  the  gravel  of  the  beach  differs,  both  in  the  older  and 
newer  deposits,  from  that  found  living  in  the  present  river, 
in  that  many  delicate  shelled  species  are  scarce,  or  not 
found  at  all,  owing,  no  doubt,  to  only  the  more  robust  shells 
being  preserved.  Thus,  thin-shelled  species  of  Physa 
abound  in  the  river,  but  I  did  not  find  any  of  their  shells, 
cither  amongst  the  stones  of  the  present  or  the  old  beach. 

A  little  above  the  whirlpool,  the  gorge  widens  out  abruptly, 
as  shown  in  plan,  and  the  terraces  and  ridge  are  cut  off  by 
it,  so  that  they  cap  the  gorge,  and  are  exhibited  in  sedtion 
almost  as  clearly  as  I  have  depidled  them  in  fig.  4,  The 
river  ridge,  composed  entirely  of  loose  gravel  and  sand,  is 
seen  running  to  the  edge  of  the  cliff.  The  widening  of  the 
gorge  extends  for  some  distance  beyond  it,  cutting  off  the 
upper  terrace  in  the  same  manner.  At  this  spot  the  upper 
layers  of  limestone  projedl  beyond  the  lower  beds,  just  as 
they  do  now  at  the  table  rock  at  the  falls,  forming  an  over- 
hanging precipice,  so  that  the  widening  of  the  gorge  cannot 
have  been  caused  by  weathering.  I  cannot  conceive  how 
the  present  river  could  excavate  the  gorge  beyond  the  loose 
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ridge  of  gravel,  without  washing  both  it  and  the  terrace  of 
unconsolidated  till  away ;  and  it  seems  to  me  that  we  have 
here  a  proof,  of  what  appeared  before  to  be  probable,  that 
the  river  has  at  this  point  only  re-opened  the  ancient  gorge, 
the  clay  and  stones  that  filled  the  widened  part  having  been 
washed  out  by  water  from  below,  not  from  above,  as  would 
be  necessary  to  excavate  the  gorge  itself.  I  concluded, 
therefore,  that  the  pre-glacial  falls  had  been  situated  at  least 
as  high  up  as  this  point,  and  I  thought  that  the  narrowing 
of  the  gorge  upwards,  though  it  was  still  wider  than  that 
leading  to  Queenstown,  might  mark  the  commencement  of 
the  present  river's  work  above  the  whirlpool. 

On  examining  the  gorge  higher  up,  I  however  discovered 
that  there  were  several  places  where  it  widened  suddenly 
out,  and  at  two  of  these  I  found  similar  proofs  of  the  gorge 
not  having  been  excavated  by  the  present  river.  Thus,  on 
the  American  side,  between  the  railway  and  the  suspension 
bridge,  there  are  two  or  more  widenings  of  the  gorge,  and  I 
noticed  a  terrace  of  till  at  the  upper  one  cut  off  by  the 
setting  back  of  the  gorge.  On  the  Canadian  side,  about  a 
quarter  of  a  mile  below  the  suspension  bridge,  there  is  one 
of  these  sudden  widenings  or  bulgings  out  of  the  gorge. 
Higher  up  a  ridge  of  till,  capped  by  river  gravels  containing 
fresh-water  shells,  marks  a  former  channel  of  the  river,  and 
runs  down  about  50  yards  from  the  gorge.  This  ridge  does 
not  wind  round  the  widened  part  of  the  gorge,  but  runs 
down  to  it,  and  is  abruptly  cut  off  by  it,  similarly  to  the  one 
above  the  whirlpool.  Exad^ly  the  same  argument  may  be 
used  to  prove  that  the  present  river  has  not  cut  out  the 
gorge  at  this  point,  but  only  emptied  it  of  the  glacial  clays 
and  sands  with  which  the  old  pre-glacial  gorge  was  choked 
up.  This  example  of  a  river  ridge  cut  off  by  the  re-excava- 
tion of  an  older  gorge,  is  the  nearest  to  the  fall  that  I  could 
find.  From  thence,  upwards,  the  river  terrace  is  back  from 
the  gorge,  and  uninterrupted  by  it. 

The  argument  resolves  itself  into  this  form :  above  the 
whirlpool  the  gorge  approaches  both  in  dired^ion  and  width 
nearer  to  the  old  one  leading  to  St.  David's  than  to  the 
post-glacial  one  leading  to  Queenstown.  That  it  is  pre- 
glacial  is  strongly  indicated  by  the  faA  of  the  post-glacial 
ridges  being  cut  off  by  it  in  consequence  of  its  re-excavation, 
whilst  there  has  not  been  a  single  argument  advanced  in 
favour  of  the  theory  that  it  is  post-glacial,  which  was  simply 
founded  on  an  assumption  that  does  not  bear  investigation. 
The  conclusion  at  which  I  arrive  is,  that  the  gorge  was  cut 
back  from  the  whirlpool  up  to  at  least  within  three-quarters 
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of  a  mile  from  the  falls  before  the  glacial  period.  It  may 
have  existed  to  within  a  few  yards  of  the  falls,  for  anything 
that  can  be  seen  to  the  contrary,  whilst,  in  favour  of  such 
a  supposition,  there  may  be  advanced  the  great  width  of  the 
gorge  up  to  the  commencement  of  the  horse-shoe  fall,  the 
very  small  indentation  that  the  American  fall  has  made  in 
the  side  of  the  gorge  over  which  it  leaps,  and  the  appearance 
the  plan  of  the  falls  presents,  that  the  river  is  now  cutting 
back  a  much  narrower  gorge,  one  as  narrow  as  that  leading 
to  Queenstown  from  the  whirlpool. 

I  hoped  to  have  been  able  to  find  at  Goat  Island  some 
evidence  bearing  on  this  question,  as  both  Lyell  and  Hall 
have  described  river  gravels  capping  the  till  there,  and  also 
indications  of  a  pre-glacial  channel  excavated  in  the  Si- 
lurian rocks,  but  the  whole  of  the  island  was  covered  with 
a  glassy  surface  of  ice  produced  by  the  frozen  spray  from 
the  catara(5l,  that  made  it  most  difficult  to  get  about  the 
sloping  banks,  and  masked  the  beds  I  wished  to  examine. 
On  the  Canadian  side  there  rises  a  high  ridge  of  till,  over- 
lain by  a  thick  bed  of  boulder  clay,  with  large  stones ;  and 
on  the  American  side,  there  is  what  appears  to  be  a  con- 
tinuation of  this  ridge,  now  cut  through  by  the  river. 
Around  this  ridge,  on  the  American  side,  there  are  indi- 
cations, as  I  have  already  mentioned,  that  the  river  once 
flowed.  Goat  Island  seems  to  be  a  remnant  of  this  ridge, 
and  I  imagine  that  it  has  been  pierced,  not  from  above,  but 
from  below,  that  it  overlaid  the  pre-glacial  gorge,  and  was 
undermined  in  the  same  way  as  the  clay  filling  up  the  end 
of  the  old  gorge  has  been  at  the  whirlpool.  This  and  other 
questions  that  arise  I  must  leave  to  observers  with  more 
time  at  their  disposal,  and  a  more  favourable  season  of  the 
year  to  make  their  investigations  than  I  enjoyed.  The 
observations  that  I  made  are  the  result  of  three  days'  holiday 
from  business,  and  I  am  sure,  from  what  I  saw,  that  three 
months  close  application  would  not  exhaust  the  many  points 
of  interest  that  present  themselves.  The  geologists  of 
Canada  and  New  York  could  not  have  a  more  interesting 
question  to  work  at  than  this,  and  if  they  did  no  more  than 
corredtly  and  fully  map  out  the  gorge,  the  terraces,  and  the 
river  ridges,  they  would  confer  a  great  benefit  on  geological 
science.  The  absence  of  such  maps  I  found  to  be  a  great 
drawback  to  my  investigations.  The  only  part  of  the  gorge 
that  has  been  surveyed  with  minute  accuracy  is  that  at  the 
falls.  This  was  done  by  Professor  Hall,  assisted  by  com- 
petent engineers,  in  1842,  and  permanent  marks  were  at  the 
same  time  fixed  in  the  rocks.    The  first  step  of  a  new  survey 
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should  be  a  trigonometrical  re-measurement  of  the  rocks 
at  the  fall.  This,  compared  with  that  made  thirty-three 
years  ago — one-third  of  a  century — could  not  fail  to  afford 
data  for  calculating  the  present  rate  of  retrocession,  and 
would  be  a  fitting  compliment  to  the  veteran  geologist  under 
whose  auspices  the  first  survey  was  made,  and  to  whom  the 
whole  scientific  world  is  a  debtor  for  a  lifetime  spent  in 
geological  research. 

Whenever  that  survey  be  made,  I  believe  it  will  decide 
that  the  present  river  is  cutting  back  the  gorge  much  more 
slowly  than  Lyell  estimated ;  that,  instead  of  one  foot 
yearly,  the  retrocession  is  not  more  than,  if  it  is  as  much, 
as  one  foot  in  ten  years,  and  that,  allowing  for  the  compa- 
rative softness  of  the  rocks  below  the  whirlpool,  we  shall 
have  to  put  back  the  occurrence  of  the  glacial  period  to  at 
least  200,000  years  ago,  if  we  conclude  that  the  whole  of  the 
gorge,  from  the  falls  to  Queenstown,  has  been  excavated 
since  that  time.  But  if  the  conclusion  at  which  I  have 
arrived  is  correcSt,  that  the  gorge,  from  the  whirlpool  to  the 
falls  is  pre-glacial,  and  that  the  present  river  has  only  cut 
through  the  softer  beds  between  Queenstown  and  the  whirl- 
pool, and  above  the  latter  point  merely  cleared  out  the  pre- 
glacial  gorge  in  the  harder  rocks, — 20,000  years,  or  even  less, 
is  amply  sufficient  for  the  work  done,  and  the  occurrence  of 
the  glacial  epoch,  as  so  measured,  will  be  brought  within 
the  shorter  period  that,  from  other  considerations,  I  have 
argued  has  elapsed  since  it  was  at  its  height. 

Simply  looked  at  from  a  geological  point  of  view,  the  time 
occupied  may  not  seem  important,  and  it  has  been  usual  for 
geologists  to  ask  for  an  unlimited  duration,  though,  even 
from  that  standpoint,  4t  is  difficult  to  reconcile  the  small 
amount  of  denudation  that  glacial  moraines  exhibit  with  the 
remote  antiquity  that  some  physicists  assign  to  them.  In 
Ohio  and  Illinois,  the  mounds  of  the  old  Indians  do  not  look 
more  recent  than  the  ridges  and  gravel  hills  of  glacial  origin, 
and  in  some  parts  cannot  be  distinguished  from  them  until 
excavations  are  made  into  them.  In  England  I  know  we 
have  a  school  of  geologists  who  have  taught  that  the  river 
valleys  of  the  south  of  England  have  been  excavated  since 
the  glacial  period ;  but  wherever  we  find  undoubted  glacial 
deposits,  as  in  the  north  of  England  and  in  Scotland,  we 
find  them  scarcely  altered  from  the  time  when  they  were 
laid  down. 

But  the  student  of  the  succession  of  changes  in  the  or- 
ganic world  will  have  a  serious  difficulty  removed,  if  it  be 
proved  that  the  glacial  period  occurred  not  more  than  twenty 
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thousand  years  ago.  In  the  northern  temperate  zone,  so 
far  as  we  can  learn,  there  has  been  little  variation  in  the 
animal  or  vegetable  world  since  the  glacial  period.  In  the 
tropics,  the  formation  of  specific  differences  has  been  pro- 
bably more  rapid,  but  in  northern  Europe,  the  species  now 
living  differ  but  little,  if  at  all,  from  their  pre-glacial  an- 
cestors. Some  of  the  large  mammalia  have  become  extin(5t, 
but  the  fauna  and  flora  are  essentially  the  same  as  they 
were  before  the  glacial  periods — that  is,  though  some  species 
have  died  out,  we  have  no  proofs  of  any  new  ones  having 
come  in.  There  is  not  a  single  example  of  a  distindl  spe- 
cies having  been  formed  since  that  time,  though  some 
varietal  differences  may  be  detedted.  Even  man  himself 
has,  I  believe,  varied  but  little,  physically,  since  pre-glacial 
times. 

In  the  paper  already  referred  to,  published  in  No.  44  of 
this  journal  (Odl.,  1873),  I  assumed  that  the  arguments 
brought  forward  by  distinguished  geologists,  to  prove  that 
the  palaeolithic  implements  and  the  mammalian  remains 
found  with  them  were  post-glacial,  were  founded  on  a  sound 
data.  There  were  great  difficulties  to  be  surmounted  if 
that  conclusion  was  corredl ;  but  the  published  se(5tions  of 
the  superficial  beds,  at  Bedford  and  at  Hoxne,  seemed  to  ad- 
mit of  no  other  explanation.  Since  then  I  have  been  able  to 
examine  for  myself  some  of  the  supposed  post-glacial  beds, 
and  to  devote  more  time  to  the  study  of  the  whole  of  the 
valley  gravels  in  the  south  of  England,  at  the  bottom  of  which 
the  palaeolithic  implements  and  mammalian  remains  are  found. 
The  conclusion  at  which  I  have  arrived  is,  that  so  far  as  the 
British  Isles  is  concerned,  palaeolithic  man,  the  mammoth, 
the  woolly  rhinoceros,  and  the  hippopotamus  are  entirely 
pre-glacial,  and  that  the  great  and  distindt  break  between 
the  palaeolithic  and  neolithic  deposits  in  that  area  was  caused 
by  the  culmination  of  the  glacial  period,  when  to  the  north 
of  a  line  drawn  irregularly  from  Lynn  Regis,  in  Norfolk, 
through  Birmingham  westward,  nearly  the  whole  country 
was  covered  by  land-ice,  that  destroyed  the  mammalian 
bones  and  the  palaeolithic  implements,  excepting  where  pre- 
served in  fissures  and  caverns,  or  in  a  few  spots  in  the 
eastern  counties,  to  which  the  ice  did  not  reach ;  and  when, 
to  the  south  of  that  line,  a  great  lake  or  sea  of  fresh  water, 
dammed  back  by  the  ice  that  blocked  up  the  German  ocean 
to  the  north,  and  the  British  Channel  to  the  west,  covered 
the  pre-glacial  remains  beneath  a  mantle  of  beach  gravels 
as  it  rose  and  fell. 

Dr.    Falconer    long   ago    argued    that    the    older    cave 
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mammalia  were  pre-glacial ;  Mr.  Tiddiman  has  found  a 
human  bone  beneath  glacial  debris  in  Yorkshire  ;  in 
America  Professor  Whitney  has  announced  the  discovery  of 
a  pre-glacial  human  skull,  and  I  hope  soon  to  be  able  to  lay 
before  geologists  the  evidence  I  have  coUedled,  that  I 
think  proves  that  the  tools  of  palaeolithic  man  in  the  British 
Isles  are  all  of  pre-glacial  age.  Nearly  all  ethnologists  are 
agreed  that  the  representatives  of  palaeolithic  man  are  the 
Eskimos  of  the  far  north,  and  probably,  in  glacial  times, 
they  held  much  the  same  relation  as  they  do  now  to  more 
civilised  communities,  living  further  south  in  more  congenial 
climes,  and  I  have  suggested  that  the  records  of  a  glacial 
civilisation  still  exist  in  the  statues  and  cyclopian  ruins  of 
some  Pacific  Islands.* 

If  we  have  to  go  back  200,000  years  to  the  glacial  period, 
the  small  amount  of  change  in  the  organic  world,  and  the 
slow  progress  of  civilisation  northwards,  from  its  southern 
home,  are  difficulties  not  easily  surmounted  by  the  evolution- 
ist, for  he  has  not  unlimited  time  at  his  disposal.  This 
world  and  its  inhabitants  do  show  signs  of  a  beginning,  and 
he  will  have  to  put  that  beginning  back  far  beyond  the  time 
that  physicists  and  astronomers  will  allow  him,  if  200,000 
years  scarcely  takes  us  one  step  backward  in  the  long  suc- 
cession of  changes  in  the  organic  world,  of  which  we  have 
proofs  in  the  strata  of  the  earth's  surface.  These  difficul- 
ties will  be  greatly  lessened  if  the  period  of  the  glacial 
epoch  has  to  be  put  back  only  20,000  years ;  and,  so  far  as 
the  excavation  of  the  gorge  of  Niagara  affords  a  scale  of 
measurement,  there  is  no  reason  to  ask  for  a  longer  time. 


II.  HEREDITY.+ 

T  is  recorded  that  towards  the  end  of  the  seventeenth 
century  two  Highland  chieftains  were  condoling  with 
each  other  on  the  unpleasant  faft  that  "  the  law  "  had 
penetrated  within  fifty  miles  of  their  mountain-fastnesses, 
and  that  soon  not  a  spot  would  be  left  where  the  claymore 
was  the  only  arbitrator  between  man  and  man.    In  our  day, 

*  Naturalist  in  Nicaragua,  p.  269. 

t  Heredity:  a  Psychological  Study  of  its  Phenomena,  Laws,  Causes,  and 
Consequences.  From  the  French  of  Tu.  Ribot.  London :  H.  S.  King 
and  Co. 

Heredity  and  Hybridism:  a  Suggestion.  By  Edward  W.  Cox,  S.L. 
London  :  Longmans  and  Co. 
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minds  of  a  certain  class  perceive  with  alarm  that  order  after 
order  of  phenomena  is  being  brought  within  the  grasp  of 
what  the  scientific  world  not  very  happily  terms  "  law,"  and 
that  the  very  last  strongholds  of  the  arbitrary — the  regions 
where  force  was  supposed  to  be  created,  and  where  events 
arose  without  any  natural  sequence — are  now  invaded. 

The  dodlrine  of  heredity,  as  applied  to  man,  is  one  of  the 
latest  conquests  of  the  scientific  spirit,  and,  as  such,  it  is 
still  viewed  with  dislike  and  suspicion. 

That  like  produces  like  has,  indeed,  been  an  article  of 
popular  faith  for  untold  centuries,  and  has  been  embodied  in 
the  proverbial  philosophy  of  all  but  the  merest  savages.  If 
a  son  resembles  his  father  in  person,  in  habits,  or  in  cha- 
radler,  we  are  told  that  he  is  a  "  chip  of  the  old  block,"  or 
reminded  that  "the  apple  does  not  fall  very  far  from  the 
tree."  But,  with  curious  inconsistency,  man  often  revolts 
at  conclusions  even  when  he  has  loudly  proclaimed  their 
premises.  So  long  as  the  law  of  heredity  was  tacitly  as- 
sumed to  apply  merely  or  mainly  to  racers  and  greyhounds, 
to  short-horns  and  to  crdve-cceur  pullets,  it  was  admitted  as 
a  matter  of  course,  and  fadls  which  placed  the  indud^ion 
upon  a  yet  firmer  basis  were  welcomed.  But  now  the  result 
appears :  now  it  is  plain  that  the  law  embraces  not  brutes 
only,  but  man  also,  and  that  it  extends  from  his  outward 
strudlure  to  his  intelledlual  powers,  his  vices,  and  his 
virtues  ;  there  is  dire  confusion,  and  a  wish  to  retraft  former 
admissions  were  it  possible.  Such  men  as  M.  Ribot  and 
Mr.  Galton,  who  have  collated  faAs  bearing  upon  this  im- 
portant subjedl,  and  who,  consistently  following  up  the  clue, 
have  pointed  out  the  only  legitimate  interpretation,  have 
incurred  no  small  share  of  obloquy. 

There  have  been,  hitherto,  two  hypotheses  professing  to 
account  for  the  varying  aptitudes,  faculties,  passions,  and 
tastes  of  men.  The  one — to  which  we  may  refer  hereafter 
— put  forward  by  the  revolutionary  philosophers  of  the 
eighteenth  century  as  a  corollary  of  their  doftrine  of  uni- 
versal equality,  held  that  all  men  were  essentially  and 
originally  alike,  and  that  the  diversities  which  they  exhibit 
were  due  solely  to  training,  education,  nearly  associations, 
and  other  post-natal  circumstances.  The  experience  of 
every  man  is  quite  sufficient  to  render  any  formal  refutation 
of  this  view  needless.  The  other  hypothesis,  though  still 
widely  entertained  by  divines  and  moralists,  and  accepted  as 
a  point  of  conventional  orthodoxy,  is,  if  possible,  still  more 
outrageous.     It  regards  every  man,  at  least,*  as  the  creator 

*  We  are  not  aware  that  this  dodrine  has  been  extended  to  the  lower 
animals,  who  have  their  differences  of  charader  as  well  as  man. 
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of  his  own  charadter.  Genius,  heroism,  crime,  insanity, 
every  exuberance,  every  deficiency,  and  every  aberration  of 
our  inner  life,  are  self-caused, — coming  into  existence  without 
any  regular  and  unvarying  antecedents.  Let  us  take  as  a 
specimen  the  following  passage,  which  M.  Ribot  quotes 
from  Heinroth : — 

*'  Insanity  is  the  loss  of  moral  freedom  ;  it  never  depends 
on  a  physical  cause ;  it  is  not  a  disease  of  the  body,  but  a 
disease  of  the  mind,  a  sin.  It  neither  is  nor  can  be  heredi- 
tary, because  the  thinking  ego — the  soul — is  not  hereditary. 
What  is  transmissible  by  way  of  generation  is  temperament 
and  constitution,  and  against  these  he  must  reaft  whose 
parents  were  insane  if  he  would  not  himself  become  lunatic. 
The  man  who,  during  his  whole  life,  has  before  his  eyes  and 
in  his  heart  the  image  of  God,  need  never  fear  that  he  will 
ever  lose  his  wits." 

It  is  scarcely  necessary  to  say  that  if  we  admit  this  hypo- 
thesis we  must,  to  be  consequent,  rejedl  not  this  or  the 
other  of  the  teachings  of  Science,  but  abandon  altogether 
the  scientific  spirit  and  the  scientific  method.  We  may  not 
be  able  to  foresee — as  we  predidl  a  solar  eclipse  or  a  transit 
of  Venus — whether  or  no  a  newly-born  child  will  prove  a 
genius.  The  laws  involved  are  beyond  our  present  grasp ; 
possibly  altogether  beyond  the  powers  of  the  human  in- 
tellect. But  if  we  maintain  that  the  result  is  independent 
of  law  we  may  as  well  deny  the  conservation  of  force, 
question  the  axiom  that  like  antecedents  will  be  followed  by 
like  consequents,  and  abandon  our  faith  in  the  uniformity  of 
Nature.  For  us,  then.  Science  has  no  longer  any  existence. 
But  the  advocates  of  the  hypothesis  assert  that  man  makes 
himself  a  genius,  a  lunatic,  an  idiot,  a  criminal,  or  a 
common-place  citizen,  in  virtue  of  his  own  "  free  will," — an 
explanation  which  is  far  from  mending  their  case.  Not 
being  either  a  Calvinist  or  a  fallen  angel*  we  shall  not  enter 
into  such  regions.  To  pursue  a  metaphysician  into  that 
Serbonian  bog  is  as  bootless  as  to  chase  a  Cateran  into  his 
own  wilderness.  Still  we  may  remark  that  this  free-will 
view  leaves  the  question  unafFeAed.  The  difficulty,  like  a 
sturdy  beggar  in  some  parts  of  Germany,  is  merely 
"  abgeschoben," — laid  on  a  barrow  and  wheeled  into  the 
next  parish.  Why  should  the  "  will "  of  John  produce 
effedls  which  the  will  of  Thomas  does  not,  except  there  be 
in  the  two  some  difference,  innate  or  connate  ?  And  whence 
springs  this  difference  ?     Is  it,  too,   self-caused  ?     How, 

*  Milton  happily  represents  his  devils  debating  on  free  will. 
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moreover,  can  the  will  create  faculties  which  are  in  their 
origin  and  development  synchronous  with  itself  ? 

But  perhaps  the  Accidentalist — for  so  we  must  term  him 
who  denies  the  law  of  Heredity — may  ask,  in  turn,  whether 
that  law  is  not  also  open  to  the  charge  of  merely  pushing 
away  to  a  little  distance  a  difficulty  which  it  cannot  solve  ? 
You  derive  your  genius  from  your  father,  who,  in  turn,  re- 
ceived it  from  your  grandfather.  Is  not  this  like  the  Hindoo 
Astronomy  which  supported  the  earth  on  an  elephant,  and 
the  elephant  on  a  tortoise,  but  left  the  tortoise  to  struggle 
as  he  might  for  a  footing  among  the  Immensities  ?  Cer- 
tainly not,  for  here  we  must  point  out  as  a  happy  coincidence 
that  the  do<5lrine  of  heredity  was  not  formally  promulgated 
until  after  the  great  law  of  organic  evolution  had  been  made 
known.  Obscurantists  have,  indeed,  sneered  at  modern 
science  as  denying — by  the  mouth  of  Messrs.  Galton  and 
Ribot — what  she  had  just  declared  by  the  mouth  of  Darwin, 
Wallace,  Haeckel,  and  Schmidt.  The  joke  is  too  poor  to 
be  unpardonable.  The  do(5trines  of  evolution  and  of  here- 
dity are  not  contradi<5lory,  but  harmonious.  When  we 
account  for  genius  by  pronouncing  it  hereditary,  we  do  not 
mean  to  say  that  it  suddenly  made  its  appearance  in  some 
remote  ancestor,  or  that  it  has  been  from  eternity  an  heir- 
loom in  certain  families.  We  conceive  of  it  as  being 
formed,  in  the  course  of  generations,  by  small  successive 
increments.  A  man  of  fair  average  intellecSt  and  good  con- 
stitution marries  a  woman  similarly  endowed.  He  leads  a 
life  free  at  once  from  excesses  and  from  asceticism,  from 
torpor  and  from  exhaustive  over-work, — free,  above  all 
things,  from  anxiety.  Suppose  one  of  his  children,  bom 
under  such  favourable  circumstances,  well  nurtured  and 
well  educated,  repeats  the  process.  The  grandchildren  will, 
in  all  probability,  show  marks  of  decided  superiority.  If, 
now,  such  conditions  are  continued,  the  result  in  the  fourth 
or  fifth  generation  may  be  a  Shakspeare,  a  Bacon,  or  a 
Humboldt.  If  we  reflect  how  rare  must  be  the  concurrence 
of  conditions  needful  for  this  gradual  elevation  of  a  family, 
we  need  not  wonder  at  the  scarcity  of  genius. 

The  question  may  be  raised,  on  the  other  hand,  not  why 
children  inherit  the  faculties  and  dispositions  of  their 
parents,  but  why  such  resemblance  is  not  more  complete 
and  more  uniform?  What,  simply,  is  the  cause  of  that 
striking  diversity  often  recognised  in  one  and  the  same  family  ? 
In  short,  admitting  the  general  principle  of  heredity,  what 
are  its  conditions,  its  modes  of  adlion,  and  its  limitations  ? 

VOL.  v.  (n.s.)  X 
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Here  it  must  be  admitted  that,  although  M.  Ribot  has  col- 
ledled  a  most  valuable  mass  of  fadls,  and  has  given  us 
many  interesting  refle<5lions  upon  their  bearings,  he  still 
leaves  much  work  for  his  successors.  The  case  is  one  of 
extreme  complication.  Every  human  being,  and  every 
animal  of  the  higher  orders,  has  two  parents  whose  influence 
is  blended  in  a  manner  which  to  us  appears,  so  far,  inex- 
plicable. We  do  not  even  know  whether  one  parent,  as  a 
rule,  determines  the  outward  form,  and  the  other  the  con- 
stitution and  charadter;  or  whether,  in  each  of  these 
points,  a  resemblance  may  be  detected  to  both.  It  has  been 
suggested  that  something  may  here  be  traced  resembling 
the  chemical  law  of  combination  in  multiple  proportions, 
the  male  or  the  female  parent,  according  to  its  general  or 
momentary  predominance,  aflFe(5ting  more  or  less  the  cha- 
radter  of  the  oflFspring.  Thus  children  of  the  same  parents 
might  differ  from  each  other,  just  like  compounds  formed 
from  the  same  elements,  but  in  varying  proportions,  as 
A  +  B,  A  +  2  B,  2  A  +  B,  &c. 

Here,  then,  already  is  scope  for  great  diversity.  But  in 
addition  to  the  influences  of  the  immediate  parents,  some- 
times afling  in  conjundtion  and  sometimes  in  opposition, 
and  varying  with  their  degree  of  vigour  and  mental  state, 
both  at  the  moment  of  procreation  and  during  gestation, 
we  have  the  phenomena  of  atavism.  It  has  long  been 
remarked  by  physiologists,  physicians,  breeders  of  cattle,  &c., 
that  attributes  which  have  been  observed  in  grand-parents, 
or  in  more  remote  ancestors,  but  which  have  lain  dormant 
for  one  generation  or  for  more,  suddenly  reappear.  In  this 
fadl  M.  Ribot  sees  a  certain  analogy  with  alternate  and 
serial  generation,  as  it  may  be  observed  in  the  salpae  and 
the  medusa. 

We  have,  further,  what  is  called  indireft  heredity,  "  the 
representation  of  collaterals  in  the  physical  and  moral  cha- 
radler  of  the  progeny."  Between  uncle  and  nephew,  or 
grand-uncle  and  grand-nephew,  and  even  in  still  remoter 
degrees,  we  not  unfrequently  find  "  striking  resemblances  of 
conformation,  face,  inclinations,  passions,  character,  defor- 
mity, and  disease."  Such  resemblances  have  been  ascribed 
to  chance,  and  used  as  an  argument  against  the  very  exist- 
ence of  heredity.  M.  Ribot  very  justly  points  out  that 
"  indirect  heredity  is  only  a  form  of  atavism — a  form  which 
is  rarer  and  less  easy  of  apprehension  than  diredt  atavism, 
but  differing  from  it  only  in  appearance." 

The    most    perplexing    case    is    that    which   M.   Ribot 
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designates  as  **  heredity  of  influence,"  a  form  rare  indeed,  but 
still  thoroughly  established.  Any  female  animal  may  pro- 
duce offspring  resembling  not  her  present,  but  a  former 
mate,  who  may  have  been  dead  for  years.  However  in- 
teresting this  phenomenon  may  be  as  a  physiological  problem, 
it  is  too  rare  among  the  human  species  to  have  any  impor- 
tant bearing  upon  our  subjedt.* 

But  when  the  adlion — often  conflidling — of  all  these  forms 
of  heredity  has  been  duly  taken  into  account,  there  is  still  a 
residuum,  to  which  M.  Ribot  gives  the  name  of  **  sponta- 
neity." Occasionally,  though  not  often,  a  man  appears, 
eminent  for  good  or  for  evil,  whose  genealogy  throws  no 
light  at  all  upon  his  peculiar  attributes,  or  seems  even  in 
flat  contradiction  to  what  the  law  of  heredity  would  at  first 
sight  lead  us  to  expert.  But  we  must  remember,  that  in 
many  instances  nothing  is  known  of  the  ancestry  or  of  the 
collateral  relatives  of  a  man  of  genius.  Before  he  rose  to 
celebrity  these  points  excited  no  curiosity ;  when  his  repu- 
tation is  established,  the  inquiry  comes  too  late.  It  is  very 
true,  as  M.  Ribot  remarks,  that  "  merit  does  not  belong 
exclusively  to  history."  If  we  look  upon  the  intellect,  not  as  a 
single  force,  but  as  a  complex  of  faculties,  we  shall  find  little 
to  perplex  us  in  the  phenomenon  of  spontaneity.  Suppose 
a  family  who  have  possessed  some  of  the  attributes  of  great- 
ness, but  who,  in  virtue  of  a  principle  equally  true  in  psy- 
chology and  in  mechanics,  that  "  nothing  is  stronger  than 
its  weakest  part,"  has  remained  in  obscurity.  Let  a  man 
of  this  family  marry  a  woman  whose  faculties  are  the  com- 
plement of  his  own.  It  is  possible  that  a  child  of  such  a 
couple  may  combine  the  defedls  or  the  weaknesses  of  both 
parents,  and  we  have  then  the  case  of  spontaneous  imbe- 
cility, or  criminality.  But  it  is  also  possible  that  he  may 
combine  the  excellences  of  both,  and. burst  upon  the  world 
as  a  spontaneous  genius.  As  to  the  laws  which  deter- 
mine whether  of  these  two  cases  shall  be  realised,  we 
are  still  utterly  in  the  dark.  Perhaps  the  state  of  the 
parents  at  the  moment  of  procreation  is  the  clue  to  the  diffi- 
culty. 

Again  we  must  remember,  that  even  if  we  consider  the 
intellecSt  as  **  one  and  indivisible,"  it  is  far  from  being  the 
only  faculty  needful  for  the  attainment  of  excellence,  even 
in  the  fields  of  pure  science.     Combined  with  it  there  must 

*  There  is  a  form  of  heredity  still  more  obscure,  and  requiring  further  inves- 
tigation. If  a  female  animal,  pregnant  by  one  male,  has  during  pregnancy 
frequent  connexion  with  another  male,  the  offspring  may,  to  some  extent, 
resemble  the  latter. 
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be  the  moral  faculties*  of  patience,  perseverance,  and  con- 
centration. The  will  must  be  strong  enough  to  overcome 
all  distrafting  temptations,  whether  in  themselves  good  or 
evil.  Lastly,  there  must  be  constitutional  energy  and  en- 
durance. Failing  these,  the  man  will  merely  leave  among 
his  friends  the  convidtion  that  he   might  have  achieved 

greatness,  if .     We  once  knew  a  physician,  resident  in 

a  small  country  town,  who,  from  time  to  time,  startled  his 
associates  by  some  profound  and  suggestive  idea — some 
brilliant  appercu.  But  a  constitutional  languor  prevented 
him  from  ever  completing  an  investigation,  or  from  leaving 
the  world  one  written  line. 

Nor  need  we  feel  greatly  surprised  if  the  son  of  an  illus- 
trious man  proves,  intelledtually  or  morally,  a  failure.  The 
world  often  experts  from  such  a  one  too  much.  He  is  lost 
to  sight  amidst  his  father's  fame,  like  Mercury  in  the  bla^e 
of  the  Sun.  Further,  we  must  remember  that  men  of  the 
very  highest  order  often  fail  to  leave  any  posterity  at  all, — 
a  circumstance  too  common  to  be  merely  casual,  and  point- 
ing, we  think,  to  the  truth,  that  in  producing  a  genius 
a  family  exhausts  itself.  Is  it,  then,  very  wonderful  if  men 
— eminent,  though  not  of  the  foremost  rank — should  leave 
progeny  inferior  to  themselves  ? 

The  suggestion  of  Mr.  Cox — that  every  organism  is  pro- 
duced by  the  union  of  two  germs,  one  supplied  by  the  male 
and  the  other  by  the  female  parent — seems  to  us  certainly 
to  throw  a  clearer  light  upon  some  of  the  phenomena  con- 
nefted  with  hybridism.  "  All  living  forms,"  he  writes,  "  are 
double ;  that  is  to  say,  they  are  not  one  whole  constructed 
as  a  whole,  but  two  halves  joined  together,  always  more  or 
less  unlike,t  having  points  of  resemblance  and  of  difference 
obviously  derived  some  from  one  parent  and  some  from  the 
other,  and  which  indicate  a  greater  share  by  both  parents  in 
the  produ(5l  than  has  yet  been  assigned  them.  The  sug- 
gestion of  a  double  germ  (one  supplied  by  each  parent) 
accounts  naturally  for  hereditary  characteristics  and  tenden- 
cies, mental  and  bodily,  and  for  the  mysteries  of  hybridism. 
...  If  it  be  true  that  Nature's  method  is  by  the  union  of 
two  germs,  practical  horticulture,  no  less  than  physiology 
and  psychology,  will  have  secured  a  firm  foundation,  from 

*  Are  we  right  in  drawing  such  a  rigid  line  of  demarcation  between  the  in- 
tellefkual  and  the  moral  powers  ?  Do  they  not  rather  exist  in  what  might  be 
called  **  mixed  solution  ?'* 

f  Entomologists  occasionally  meet  with  moths  one-half  of  whose  body, 
taken  laterally,  is  male,  whilst  the  other  half  is  female.  We  have  ourselves 
captured  a  specimen  oC*  this  kind. 
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which  a  new  departure  may  be  made  into  the  region  of 
speculation,  no  less  than  into  the  domain  of  fadl."  The 
learned  author  asks  whether,  in  such  cases  as  the  "  two- 
headed  nightingale,"  there  is  "  duplicity  of  strudture  in  any 
portion  of  that  part  of  the  united  structure  which  is 
common  to  both.  Are  the  bones  formed  by  the  jundlion  of 
two  bones  ?  Are  the  muscles  duplex  ?  Are  there  two  sets 
of  nerves  ?  Is  there  any  abnormal  condition  of  the  muscles 
or  tendons  indicating  the  original  presence  of  two  formative 
forces  adling  together  ?  "  He  suggests  the  careful  examina- 
tion of  the  next  double-headed  calf  or  lamb  produced. 

We  cannot,  however,  agree  with  Mr.  Cox  in  his  views  on 
hybridism.  The  arguments  he  applies  to  the  mule — which 
is  usually,  though  not  invariably,  barren — would  apply  also 
to  the  leporide,  and  to  certain  hybrid  birds  which  are  fertile. 
Nor  can  we  see  that  this  hypothesis  would  at  all  aid  us  in 
understanding  the  "  heredity  of  influence." 

M.  Ribot,  though  in  part  dealing  with  questions  already 
handled  by  Mr.  Galton,  takes  wider  ground.  He  treats  not 
alone  of  the  heredity  of  genius,  but  of  instindts,  of  the 
sensorial  qualities,  the  memory,  the  sentiments  and 
passions,  of  national  character,  and  of  morbid  psychological 
heredity.  To  examine  in  detail  all  his  views  is  a  task  which 
we  must  leave  to  the  reader.  To  some  of  his  remarks  upon 
instindt  we  feel  compelled  to  demur.  Thus,  he  declares 
that  "  A  bird  hatched  in  a  cage  will,  when  given  its 
freedom,*  build  for  itself  a  nest  like  thatof  its  parents,  out 
of  the  same  materials,  and  of  the  same  shape."  Has  this 
experiment  ever  been  tried  with  a  pair  of  birds  hatched  in 
confinement,  and  then  building  where  they  cannot  associate 
with  others  of  their  own  species  ?  The  alleged  stationari- 
ness  of  instindts  is  another  questionable  point.  For  how 
many  thousand — or  even  hundred — years  have  we  possessed 
detailed  and  trustworthy  descriptions  of  the  nests  of  birds 
and  insedts  ?  Suppose  a  naturalist  were  to  perceive,  in  the 
architedture  of  a  wasp  or  of  an  ant,  something  entirely  new, 
— an  improvement  on  the  part  of  the  insedt, — would  he 
recognise  it  as  such,  or  would  he  not  rather  pronounce  it 
something  old  which  his  predecessors  had  failed  to  observe  ? 
Mr.  Wallace  has  very  justly  pointed  out  that  if  the  nests  of 
birds  are  unvarying,  so  are  the  tents  of  nomadic  Arabs,  the 
wigwams  of  Red-skins,  and  the  huts  of  Greenlanders.  The 
author  maintains  that  **  we  may  have  the  same  organisation 

*  **  When  given  its  freedom."    We  regret  to  see  this  slovenly  expression 
\  finding  its  way  into  a  work  like  that  before  us. 
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with  different  instindls,*'  and  remarks,  in  confirmation, — 
*'  Birds  have  their  beaks  and  feet  as  their  only  instruments 
for  building,  yet  how  great  are  the  differences  of  the  form, 
architecture,  and  position  of  their  nests."  This  instance  is 
not  happily  chosen.  The  beaks  and  feet  of  birds  differ  so 
much  in  structure  that  they  alone  will  go  far  to  account  for 
the  varied  architecture  of  their  nests.  Of  what  use  would 
be  the  feet  of  a  duck,  or  the  beak  of  a  parrot,  in  constructing 
the  pendent  nest  of  an  oriole  ? 

In  treating  of  the  heredity  of  the  sensorial  faculties,  the 
author  refers  to  the  prevailing  short-sightedness  of  the 
Germans,  and  ascribes  it  to  their  studious  habits.  We 
believe  that  the  German  type  is  mainly  to  blame,  and  that 
a  nation  equally  studious,  but  making  use  of  the  Latin 
character,  would  escape. 

The  section  treating  on  the  heredity  of  the  intellect 
might,  we  think,  have  been  advantageously  extended. 
Several  cases,  which  decidedly  support  the  view  taken  by 
the  author  and  Mr.  Galton,  are  omitted.  The  scientific 
world  knows  two  Liebigs,  two  Fresenius',  two  Mitscher- 
lichs,  two  Mulders,  two  Thenards,  two  Persoz',  two 
Becquerels,  two  Berthollets,  two  Sainte-Claire  Devilles.  It 
is  strange,  also,  that  no  mention  is  made  of  such  men  as 
Laplace,  Lagrange,  Latreille,  Lavoisier,  Lacepede,  Gay- 
Lussac,  Guyton  Morveau,  Woehler,  Lamarck,  Blainville, 
Oken,  Carus,  Faraday,  Dalton,  Boerhaave,  Swammerdam, 
Harvey,  Volta,  Nobili,  Biot,  Scheele,  Schleiden,  Chevreul, 
Agassiz,  Dumas,  &c.  Surely  the  lineage  of  many  of  these 
men  could  be  accurately  traced,  and  could  scarcely  fail  to 
throw  an  additional  and  welcome  light  on  the  subjeCt.  For, 
admitting  the  law  of  heredity  in  its  broader  outlines,  we 
have  yet  to  ask  whether  *'  genius  "  be  general  or  special  ? 
Would  the  man  who  achieves  greatness  in  one  department 
have  been  equally  great  in  another,  and  is  the  choice  of 
studies  merely  determined  by  circumstances  ?  Could  an 
eminent  chemist,  if  placed  in  youth  under  other  influences, 
have  become  an  eminent  lawyer,  divine,  classical  scholar, 
musician,  or  man  of  business  ?  M.  Ribot  and  Mr.  Galton 
appear  to  answer  this  question  in  the  affirmative.  Hence, 
if  a  man  has  become  illustrious  in  any  respeCt,  they  cite — 
as  cases  confirmatory  of  the  doCtrine  of  heredity — any  of 
his  relatives  who  have  in  anything  risen  above  the  average 
level.  Thus,  in  connection  with  the  great  German  poet 
Heinrich  Heine,  Mr.  Galton  mentions  his  uncle,  Salomo 
Heine,  an  eminent  banker  and  philanthropist.  Along  with 
Francis  Bacon,  M.  Ribot  notes  his  half-brother  Nathaniel, 
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"a  clever  painter."  To  the  name  of  Jeremy  Bentham, 
legist  and  moralist,  the  author  appends — **  His  brother^ 
General  Samuel  Bentham,  a  distinguished  officer.  His 
nepheWj  George,  an  eminent  botanist,  president  of  the 
Linnean  Society." 

Of  course  this  view  renders  it  very  easy  to  find  evidence 
of  hereditary  genius.  Our  own  observations  lead  us,  how- 
ever, to  the  antagonistic  opinion — the  speciality  of  genius. 
To  us  it  appears  that  men  of  universal  powers — **  admirable 
Crichtons,"  who  adorn  whatsoever  they  touch — are  of  all 
psychological  phenomena  the  rarest.  The  man  who  in  one 
faculty  rises  high  above  the  average  of  his  fellows  is  very 
likely,  in  accordance  with  the  great  law  of  compensation,  to 
fall  below  them  in  others.  The  mind,  or  the  brain,  if  the 
latter  term  be  preferred,  has  its  idiosyncrasies  no  less  than 
the  stomach.  To  take  a  striking  instance : — Towards  the 
beginning  of  the  present  century,  at  a  German  educational 
establishment  of  the  old  type,  where  pupils  were  gauged 
solely,  according  to  their  proficiency  in  classics,  there  was  a 
boy  who  was  the  acknowledged  dunce  of  the  school.  Sneered 
at  by  his  companions,  and  denounced  by  the  masters  as  little 
better  than  an  idiot,  his  declaration  that  he  intended  to 
become  a  chemist  was  received  with  a  general  outburst  of 
contemptuous  laughter.  But  the  boy  knew  his  own  spe- 
ciality. His  success  in  chemistrj'  was  yet  more  decided  than 
his  failure  in  classics,  and  when  he  passed  away  from  our 
midst  he  left  the  name  of  Justus  von  Liebig,  second  to  none 
in  the  annals  of  Science.  There  are,  of  course,  groups  of 
sciences  or  of  studies  within  which  the  choice  of  an  aspirant 
may  be  determined  by  what  is  commonly  called  accident. 
Thus  a  great  chemist,  doubtless,  if  placed  under  slightly 
different  influences,  might  have  reached  equal  distindlion  as 
a  physicist.  The  same  powers  which  render  a  man  eminent 
in  botany  would  have  done  him  equal  service  in  zoology, 
palaeontology,  or  physiology.  But  to  maintain  that  a  distin- 
guished cultivator  of  any  of  the  above  sciences  could  there- 
fore, if  he  likedy  have  attained  corresponding  success  as  a 
barrister,  a  preacher,  or  a  parliamentary  orator,  seems  to  us 
hazardous  in  the  extreme.  In  these  latter  spheres  eminence 
absolutely  requires  great  power  of  expression,  and  the  faculty 
which  is  aptly — though  clumsily — called  ready-wittedness. 
Now  a  man  of  science  may  be  very  poor  in  expression  and 
very  slow  in  thought,  provided  only  that  he  thinks  profoundly 
and  originally.  If  some  evil  star  had  placed  Henry  Caven- 
dish in  the  bar,  the  pulpit,  or,  we  may  add,  at  the  merchant's 
desk,  would  he  not  have  made  a  most  deplorable  figure  ? 
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The  author  handles  the  heredity  of  the  imagination  and 
that  of  the  intelledl  in  two  distindl  sedtions.  Under  the 
former  he  gives  the  genealogies  of  poets,  painters,  and  mu- 
sicians ;  and  under  the  latter  men  of  science  and  prose 
authors,  even  novelists.  This  arrangement  seems  to  us  ob- 
jedtionable.  The  gifts  requisite  to  produce  a  prose  work  of 
fidlion  are  surely  more  akin  to  the  faculties  of  the  poet  than 
to  those  of  the  mathematician,  even  although  the  imagina- 
tion plays  no  unimportant  part  in  scientific  discoveries.  It 
is  interesting  that,  in  treating  of  painters  and  musicians, 
M.  Ribot  recognises — implicitly  at  least — that  speciality  of 
talent  which  he  overlooks  among  philosophers.  With 
scarcely  an  exception,  when  tracing  the  lineage  of  artists 
and  musicians,  he  enumerates  those  only  of  their  kindred 
who  were  themselves  artists  or  musicians. 

Into  the  interesting  and  suggestive  chapters  on  the  rela- 
tion between  the  physical  and  the  moral, — on  heredity  in 
connedlion  with  the  law  of  evolution,  and  on  its  psycholo- 
gical, moral,  and  social  consequences, — we  must,  though 
with  reludlance,  abstain  from  entering.  '  To  two,  however, 
of  the  practical  applications  of  the  truths  brought  forward 
by  Mr.  Galton  and  M.  Ribot,  we  will  briefly  call  attention. 

The  dodlrine  of  Heredity  throws  a  needful  light  upon  the 
question  of  national  education.  What  shall  we  gain  by 
catching  every  little  boy  or  girl  and  consigning  him  or  her 
to  school,  whether  "  Board  "  or  denominational  ?  Some  of 
us,  especially  the  neophytes  of  the  movement,  expedt  too 
much.  It  was  held  by  Helvetius,  in  accordance  with  the 
revolutionary  hypothesis  of  universal  equality,  that  the 
differences,  intelledlual  or  moral,  between  man  and  man 
were  simply  due  to  early  training.  It  was  believed  that 
genius  could  be  raised  to  order,  and  the  market  supplied 
with  original  thinkers  as  easily  as  with  early  peas  or  hot- 
house grapes.  Nor  has  this  delusion  totally  disappeared. 
M.  Ribot,  as  a  matter  of  course,  sees  that  the  power  of  the 
schoolmaster  over  the  raw  material  put  into  his  hands  is 
stri(5tly  limited.  The  mind  of  the  child  has  been  likened  to 
a  blank  sheet  of  paper,  but  it  is  paper  upon  which  certain 
characters  may  be  traced  with  readiness,  others  with  diffi- 
culty, and  others,  again,  not  at  all.  Or  if  we  adopt  the 
Socratic  view,  that  the  educator  is  like  a  sculptor  who  cuts 
out  a  beautiful  statue  from  the  crude  block,  we  may  say  that 
every  such  block  has  a  determined  cleavage,  which  limits 
him,  in  each  case,  to  the  produdlion  of  a  certain  class  of 
forms.  M.  Ribot  maintains  that  upon  minds  of  the  highest 
and  lowest  classes  the  influence  of  circumstances  in  general. 
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and  of  education  in  particular,  is  comparatively  small : — 
"  We  restridl  education,  as  we  think,  within  its  just  limits, 
when  we  say  that  its  power  is  never  absolute,  and  that  it 
exerts  no  efficacious  adtion  except  upon  mediocre  natures. 
Suppose  the  various  human  intelligences  to  be  so  graduated 
as  to  form  a  great  linear  series,  rising  from  idiocy,  the  bottom 
of  the  scale,  to  genius,  which  is  at  the  top.  The  influence 
of  education  is  at  its  minimum  at  the  two  ends  of  the  series. 
On  the  idiot  it  has  hardly  any  effedt :  unheard-of  exertions 
and  prodigies  of  patience  and  ingenuity  often  produce  only 
insignificant  and  transient  results.  But  as  we  rise  towards 
the  rniddle  degrees  this  influence  grows  greater.  It  attains 
its  maximum  in  average  minds,  which,  being  neither  good 
nor  bad,  are  much  what  chance  makes  them ;  but  as  we 
ascend  to  the  higher  forms  of  intelligence  we  see  it  again 
decrease,  and  as  we  come  nearer  to  the  highest  order  of 
genius  it  tends  towards  its  minimum."  So  long,  however, 
as  persons  of  "  mediocre  natures,"  intelledlual  and  moral, 
constitute,  as  they  are  always  likely  to  do,  the  great  majority, 
the  importance  of  education — both  in  a  national  and  in  an 
individual  point  of  view — remains  unshaken.  Men  who  have 
not  that  magnificent  spontaneity  which  enables  its  possessors 
to  open  new  epochs  in  the  history  of  Science,  may  yet,  if 
properly  trained,  be  capable  of  useful  research.  It  will 
never  be  theirs  to  discover  a  law  of  gravitation,  an  atomic 
theory,  a  conservation  of  forces,  or  a  dodtrine  of  organic 
evolution  ;  but  they  may  discover  and  analyse  new  com- 
pounds, natural  or  artificial ;  they  may  detedt  new  forms  of 
organic  life,  observe  their  structure  and  habits,  and  (deter- 
mine their  geographical  distribution. 

If,  then,  education  can  do  such  things, — if  it  can  call  into 
being  discoverers  of  the  second  order,  inventors,  and  appliers, 
—  it  must  always  constitute  a  main  element  of  national 
greatness,  and  stands  in  no  need  of  fictitious  or  exaggerated 
recommendations. 

Not  less  important  is  the  bearing  of  the  law  of  heredity 
upon  crime  and  its  treatment.  There  are  evidently  two  very 
distindt  classes  of  criminals, — the  casual  off'ender,  who  in 
some  unguarded  moment  has  yielded  to  temptation,  and  the 
normal  hereditary  villain,  such  as  the  Liverpool  "  comer- 
men."  As  regards  the  latter,  we  have  to  consider  not  merely 
the  garotter  or  ruffian  brought  before  the  courts,  but  his 
descendants,  adlual  or  possible,  of  whom  the  bulk  will  as 
surely  be  criminals  as  the  children  of  a  consumptive  person 
will  be  prone  to  pulmonary  disease.  Attention  has  lately 
been   drawn   to   the   fadt  that  the  ancient  sandtuaries  of 
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England,  which  were  nests  where  the  vilest  criminals 
swarmed  and  multiplied,  are  to  this  day  charadterised  by  the 
low  moral  type  of  their  inhabitants.  Whitefriars,  Fulwood's 
Rents,  and  certain  distri(Sts  of  Westminster,  are  sufficiently 
well  known  in  London.  Scarcely  an  episcopal  city  but  has 
a  similar  rookery  beneath  the  very  shadow  of  its  cathedral. 
A  young  woman  of  remarkably  depraved  character,  who  in- 
fested the  distridts  on  the  Upper  Hudson  at  the  beginning 
of  the  present  century,  has  left  eighty  diredl  descendants,  of 
whom  one-fourth  are  convidted  criminals,  whilst  the  rest  are 
drunkards,  lunatics,  paupers,  prostitutes,  or  otherwise  useless 
members  of  the  community.  If  the  lineage  of  criminals  is 
inquired  into,  as  it  doubtless  henceforth  will,  we  shall  find 
that  crime  literally  reproduces  crime.  So  long  as  we  imagined 
that  the  criminal,  if  placed  under  more  favourable  circum- 
stances, might  have  grown  up  a  virtuous  man,  we  were 
justified  in  a  policy  of  leniency,  and  might  entertain  the 
hope  of  reclaiming  the  offender.  This  hope^-except  as  re- 
gards the  casual,  incidental  criminal— is  now  taken  from  us. 
The  hereditary  ruffian  must  be  "  stamped  out,"  by  death  or 
by  penal  servitude  for  life,  as  the  circumstances  of  the  case 
may  indicate. 

We  do  not  set  ourselves  to  work  to  train  tigers  and 
wolves  into  peaceful  domestic  animals ;  we  seek  to  extirpate 
them.  Why  should  we  aft  otherwise  with  beings  who,  if 
human  in  form,  are  worse  than  wild  beasts,  since  they  slay 
and  maim  out  of  pure  wantonness  ?  Education,  moral  and 
religious  influences,  may  doubtless  arrest  the  formation  of 
criminal  races,  and  bring  them  back  to  a  normal  condition  ; 
but  can  we  allow  a  criminal  family  to  go  on  for  four  or  five 
generations,  murdering  intelligent,  moral,  industrious  citi- 
zens, whilst  we  are  trying  experiments  in  reclamation  ?  To 
educate  the  son  of  a  garotter  or  of  a  "  corner-man  "  into  an 
average  Englishman  is  about  as  promising  a  task  as  to  train 
one  of  the  latter  into  a  Newton  or  a  Milton, 
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III.  THE  LATE  TRANSIT  OF  VENUS. 

By  Richard  A.  Proctor,  Author  of  "  Past  and  Coming 

Transits,"  &c. 

T  the  moment  of  writing,  news  has  been  received  from 
all  the  stations  selected  for  observing  the  late  transit, 
excepting  two  French  stations — St.  Paul's  Island 
and  Campbell  Island — and  though  as  yet  the  news  from 
most  of  the  stations  is  far  too  imperfcdt  for  any  attempt  to 
be  made  to  calculate  the  solar  parallax,  while  from  others  we 
only  have  news  that  observations  were  successfully  made  or 
otherwise,  yet  we  know  enough  already  to  be  able  to  form  an 
opinion  as  to  the  general  succ6ss  of  the  operations.  The 
result  cannot  but  be  considered  as  on  the  whole  extremely 
favourable.  It  was  certain,  or  all  but  certain  beforehand, 
that  there  would  be  fine  weather  at  some  of  the  stations  and 
bad  weather  at  others;  and  the  feeling  was  universally 
entertained  amongst  those  best  competent  to  judge  that,  if 
fine  weather  prevailed  at  half  the  sele<5ted  stations,  astro- 
nomers would  have  every  reason  to  be  satisfied,  provided 
always  that  the  fortunate  stations  were  not  all  in  one  or  two 
regions,  or  in  the  same  hemisphere.  It  was  also  considered 
that,  if  one  half  of  the  various  methods  on  which  reliance 
was  placed  should  succeed,  the  result  would  be  quite  satis- 
faftory.  It  will  appear,  from  the  fadls  I  am  about  to  bring 
before  the  reader,  that  these  hopes  have  been  much  more 
than  fulfilled.  A  large  proportion  of  the  stations  had 
weather  either  altogether  favourable,  or  sufficiently  so  to 
enable  the  observer  to  secure  satisfadlory  results ;  while  all 
the  methods  proposed  for  observation  have  been  successfully 
applied  (unless  the  Janssen  turning^wheel  arrangement  be 
regarded  as  a  distindl  method  rather  than  a  modification  of 
Delisle's). 

For  convenience,  it  will  be  well  to  consider  the  several 
methods  separately,  rather  than  to  take  the  stations  in 
order — in  fadt,  no  otherwise  can  clear  or  satisfa<5tory  ideas 
be  obtained  of  the  success  of  the  whole  plan  of  operd.tions. 

We  may  consider  the  methods  in  use  as  divided  into  three 
broad  classes — the  Delislean,  the  Halleyan,  and  the  mid- 
transit  method.  This  classification  includes  the  photographic 
and  heliometric  operations,  as  well  as  the  spedlroscopiq 
method  for  observing  external  contadt.  For,  both  pho- 
tography and  heliometry  may  be  regarded  as  means  for 
determining  the  position  of  Venus  at  given  instants,  either 
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near  the  beginning  or  end  of  transit,  or  near  the  middle  of 
her  chord  of  transit ;  and  observations  of  external  contadls, 
either  at  the  beginning  or  end  of  transit,  come  under  the 
head  of  Delislean  operations,  while  the  observation  of  the 
interval  of  time  between  the  two  external  contadls  is  a 
Halleyan  operation.  But  also  the  Halleyan  and  mid- 
transit  methods  can  be  considered  together,  because  all 
good  Halleyan  stations  are  good  stations  for  observing  mid- 
transit.  Let  us  take  the  classes  in  the  order  indicated,  viz., 
first,  the  Delislean ;  secondly,  the  Halleyan. 

Speaking  generally,  it  maybe  said  that  the  English  scheme 
was  the  only  one  which  made  diredl  provision  for  Delisle's 
method.  Originally,  as  most  persons  know,  the  idea  was  that 
no  other  method  was  available  at  all ;  and,  accordingly,  we 
find  not  only  that  our  official  folk  invited  England  to 
provide  exclusively  for  Delisle's  method,  but  assigned  to 
other  scientific  nations  their  Delislean  parts.  Russia  was 
to  fortify  the  region  for  observing  earliest  ingress  (around 
the  point  i  in  the  plate),  and  France  also  was  to  provide  sta- 
tions for  this  phase,  England  occupying  the  Sandwich  Isles 
(aided  perhaps  by  an  American  party  there,  and  another  at 
Tahiti,  unless  it  so  chanced  that  America  reserved  her 
strength  for  the  transit  of  1882,  her  share  in  which  was  also 
assigned  her  by  our  official  astronomers).  France  was  to 
strengthen  the  forces  near  i',  the  region  where  retarded 
ingress  was  to  be  observed,  though  here  again  England 
undertook  the  chief  part.  For  the  region  around  e',  where 
egress  occurred  earliest,  England  made  herself  entirely 
responsible ;  and,  lastly,  she  undertook  to  occupy  Alex- 
andria, leaving  to  Russia  the  provision  of  stations  on 
Russian  territory  around  b,  the  place  where  egress  occurred 
latest. 

If  this  programme  had  been  carried  out,  England  would 
have  reaped  the  chief  honours,  always  supposing  that  the 
plan  of  operations  had  been  justified  by  the  adlual  conditions 
of  the  proposed  work.  England  would  of  herself  have  made 
sufficient  provision  for  applying  Delisle's  method,  both  at 
ingress  and  at  egress,  other  nations  taking  only  a  subordinate 
part  in  the  arrangements  for  either  phase.  Of  course,  if  it 
had  been  discovered  after  the  event  that  the  proposed  plan 
of  operations  took  no  account  of  at  least  one-half  the  chances 
of  success,  and  left  regions  unoccupied  which  were  even 
more  important  than  those  considered  in  the  English  official 
programme,  England  would  have  reaped  something  far 
different  from  honour.  Other  nations  might  then  have  been 
able  to  say  that  trusting  in  the  unquestionable  skill  and 
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the  presumable  diligence  of  official  astronomers  in  England, 
they  had  been  misled,  and  had  missed  a  fine  opportunity  of 
advancing  scientific  knowledge.  But  as  the  matter  presented 
itself  six  years  ago,  there  seemed  every  reason  to  believe 
that  England  was  about  to  effc<5t  an  achievement  more  than 
worthy  of  her  ancient  fame  in  such  matters. 

It  turned  out,  however,  rather  inconveniently,  that  "  some 
one  had  blundered."  Other  methods  were  available  than 
Delisle's — were  even  better  suited  to  the  occasion.  Other 
regions  than  those  indicated  were  of  extreme  strategic  impor- 
tance, one  of  them  being  indeed  the  key  of  the  whole 
position.  So  far  was  England  from  having  provided  ade- 
quately for  the  whole  scheme  of  operations — that  is,  from 
having  prepared  to  do  more  than  her  fair  share  of  work — 
that  adlually  certain  regions  in  British  territory,  which  it 
behoved  her  and  her  only  to  occupy,  had  not  even  been 
mentioned  in  the  official  programme. 

When  this  was  discovered,  it  fortunately  was  discovered 
at  the  same  time  that  other  nations  were  willing  to 
-take  at  least  as  large  a  share  in  the  work  as  England.  It 
was  also  found  that  the  other  nations  (whether  convinced  by 
the  reasoning  urged  in  England  against  the  official  arrange- 
ments, or  for  whatever  cause)  attached  so  little  value  to 
Delisle's  method  proper,  that  they  might  not  unsafely  be 
expedled  to  devote  almost  their  whole  strength  to  Halleyan 
and  mid-transit  operations.  This  was  convenient  in  more 
respedls  than  one.  It  not  only  ensured  adequate  provision 
for  the  method  hitherto  so  strangely  neglefted ;  but  it  left  it 
in  the  power  of  English  official  astronomers  to  adhere  to 
their  original  programme  (or  nearly  so)  without  absolutely 
endangering  the  success  of  the  whole  scheme  of  operations. 
As  they  were  apprised  early  of  the  views  of  other  nations, 
official  astronomers  quickly  adopted  this  course.  They  even 
overadted  their  persistent  adherence  to  the  Delislean  as  the 
sole  available  method.  Where  the  durations  of  transit 
could  be  observed,  they  said  that  instead  of  observing  the 
duration  they  would  observe  the  absolute  time  of  the  begin- 
ning and  ending,  which  is  a  very  different  thing — at  least  so 
they  asserted.  Nay,  so  completely  were  the  other  nations 
about  to  provide  for  Halleyan  and  mid-transit  observations, 
that  our  official  folk  felt  free  to  add  new  Delislean  stations,  or 
rather  stations  professedly  Delislean ;  for  some  among  them 
were  open  to  the  objeftion  of  being  e^ccellent  also  as 
Halleyan  stations.  As  regards  the  negledled  region  in 
British  territory  (North  India),  official  astronomers  would 
at  first  make  no  concession  ;   then  they  would    have  a 
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photographic  station  there;  next  they  would  make  the  station 
also  a  Delislean  one ;  and,  lastly,  they  conceded  all  that  had 
been  asked,  a  thing  hitherto  unheard  of  in  the  annals  of 
officialism. 

While,  however,  no  inconsiderable  proportion  even  of  the 
English  preparations  were  diredled  to  Halleyan  operations 
(more  or  less  disguised),  it  was  to  England,  almost  alone, 
that  Delislean  operations  were  left.  The  Americans  declined 
totidem  verbis  to  occupy  any  station  where  the  whole  transit 
could  not  be  seen ;  the  French  refused  to  occupy  the 
Mauritius  or  Suez  (calling  forth  from  English  official 
astronomy  an  expression  of  strong  dissatisfadlion),  and  the 
Germans,  though  they  occupied  a  station  in  Persia  where 
the  ingress  could  not  be  seen,  yet  specially  provided  for 
photographic  work  there  during  the  middle  of  the  transit. 
The  Russians  alone,  having  provided  eleven  Halleyan 
stations  in  Siberia,  consented  also  to  have  observers  at 
Delislean  stations  nearer  to  Russia  in  Europe,  extending 
around  b'  to  the  Black  Sea,  Caspian  Sea,  and  Sea  of  Aral. 

The  only  Delislean  stations  properly  so  termed  near 
I  were  those  occupied  by  the  three  Enghsh  parties  under 
Captain  Tupman,  in  the  Sandwich  Isles,  at  Honolulu,  Atooi, 
or  Kanati,  and  Owhyhee  (or  Hawaii).  At  the  two  first  obser- 
vations were  successfully  made,  but  at  Hawaii,  the  least 
important  fortunately  of  the  three,  the  observers  Forbes  and 
Barnacle  had  bad  weather.  Detailed  information  has  not 
yet  reached  us  respedling  the  observations  made  by  Tupman 
and  his  party  at  Honolulu,  but  it  is  known  that  the  Janssen 
apparatus  failed.  The  reader  is  doubtless  aware  that  this 
apparatus  was  so  arranged  as  to  allow  sixty  photographs  to 
be  taken  at  intervals  of  a  second — a  large  circular  plate 
being  so  turned  that  pidlure  after  picture  would  be  taken 
around  the  border  of  the  plate ;  so  that  if  the  turning  began 
half  a  minute  or  so  before  the  true  moment  of  internal 
contaft,  one  or  other  of  the  pictures  would  depidl  Venus  in 
true  internal  contact.  Whether  the  manager  of  this  organ- 
grinding  arrangement  (to  adopt  a  humorous  simile  of  the 
Astronomer  Royal's)  began  turning  too  soon  or  too  late  is 
not  known,  for  the  telegraphic  announcement  from  Honolulu 
states  simply  "Janssen  failed."  Sixty  photographs  were 
obtained  there,  presumably  by  this  method,  and  these  either 
represent  Venus  drawing  nearer  and  nearer  to  the  position 
of  internal  contaA,  or  else  they  were  all  taken  after  she  had 
broken  away  from  the  sun's  edge.  Unfortunately  the  tele- 
gram indicates  only  too  clearly  the  probable  cause  of  failure, 
in  these  words, "  internal  contadl  uncertain  several  seconds." 
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This  points  to  a  disturbed  condition  of  the  air,  which  would 
render  all  the  observations  unsatisfadtory.  One  hundred 
and  twenty  micrometric  measurements  were  made  at  this 
station ;  but  if  the  cusps  were  aifedted  by  a  disturbed  atmo- 
sphere, it  16  to  be  feared  that  little  reliance  can  be  placed  on 
them. 

If  the  observations  made  in  the  Sandwich  Isles  should 
prove  to  be  unsatisfadtory,  the  only  observations  of  ingress 
to  be  depended  upon  are  those  made  at  stations  outside  the 
region  b  m  d,  in  Japan,  North  China,  and  the  adjacent  part 
of  Siberia.  At  Port  Possiet  and  Wladiwostock,  near  the 
western  shores  of  the  Sea  of  Japan,  the  ingress  was  well 
seen  by  Russian  and  American  observers  ;  but  the 
acceleration  there  only  amounted  to  about  6^  minutes, 
whereas  at  the  Sandwich  Isles  it  amounted  to  11  minutes. 
From  Yokohama  and  Nagasaki,  the  news  which  has  hitherto 
arrived  has  been  somewhat  confused.  First,  news  arrived 
that  the  Americans  had  been  partially  successful  at  Naga- 
saki, but  had  been  troubled  by  clouds ;  next  we  heard  from 
Nagasaki  that  the  French,  under  Janssen,  who  had  intended 
to  observe  at  Yokohama,  had  been  successful,  presumably  at 
Nagasaki.  Then  a  telegram  arrived  correcting  the  Nagasaki 
date  for  Yokohama  ;  and  a  writer  in  the  *'  Times  "  seems  to 
have  regarded  this  as  signifying  that  the  French  had 
observed  at  Nagasaki  instead  of  Yokohama ;  but,  possibly, 
what  was  really  meant  was  that  the  French  observed  at 
Yokohama,  though  the  telegram  came  from  Nagasaki. 
Next  news  came  from  Yokohama  through  an  Austrian 
source,  that  good  observations  had  been  made  there,  which 
the  ''Times"  interpreted  as  meaning  that  an  Austrian 
party  had  been  stationed  there,  though  until  then  nothing 
had  been  heard  of  such  a  party.  Lastly,  Janssen  telegraphed 
that  good  observations  had  been  made  at  Nagasaki  and 
Kode.  It  seems  probable,  as  I  have  remarked  in  the 
**  Observer,"  that  in  reality  one  series  of  good  observations 
was  efFe(fled  at  Yokohama  by  the  French  under  Janssen,  and 
another  at  Kode ;  that  the  news  was  forwarded  through 
Nagasaki,  and  that  the  Austrian  news  relates  to  the  success 
at  Yokohama,  while  Janssen's  later  telegram  about  observa- 
tions at  Nagasaki  may  relate  to  the  work  of  a  subordinate 
party.  My  reason  for  so  interpreting  the  telegrams  is  that 
the  Russians  announced  complete  success  at  Yokohama, 
while  the  Americans  announced  only  a  partial  success  at 
Nagasaki;  now  the  French  party  under  Janssen  achieved 
full  success,  which  implies  that  they  were  at  the  station 
favoured  with  the  better  weather. 

VOL.  V.  (n.s.)  z 
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In  any  case  it  appears  that  accelerated  ingress  is  fairly 
provided  for ;  though  at  the  best  English  stations  for  that 
phase  Janssen's  method  failed,  and  the  ingress  was  not  very 
satisfadlorily  seen. 

In  the  opposite  region  around  i'  there  were  three  English 
observing  parties,  two  in  Kerguelen  Island,  and  one  on 
Rodriguez ;  while  Lord  Lindsay's  station  at  the  Mauritius, 
though  not  specially  intended  for  Delislean  operations,  was 
even  better  placed  than  the  Rodriguez  station.  I  shall 
speak  more  at  length  of  Lord  Lindsay's  operations  further 
on.  Here  it  is  only  necessary  to  say  that  his  party  missed 
ingress,  though  otherwise  successful.  At  Rodriguez  ingress 
was  successfully  observed,  but  as  yet  no  details  have 
reached  England.  It  is  known  that  the  various  parties 
stationed  on  Kerguelen  Island  were  successful;  but  the 
nature  of  their  success  is  not  known,  all  the  news  yet 
received  from  that  dismal  island  having  been  derived  from 
the  interchange  of  signals  between  the  parties  stationed 
there,  and  a  passing  ship. 

It  would  appear  that  a  fair  success  has  attended  the 
employment  of  Delisle's  method,  as  applied  to  ingress.  At 
least,  whatever  defedls  may  appear  hereafter  in  the  results 
by  this  method  will  be  due  to  the  inherent  defedts  of  the 
method  itself,  requiring  as  it  does  the  observation  of  conta<5l 
when  the  sun  is  not  far  from  the  horizon.  Janssen's  con- 
trivance, by  which  it  was  hoped  that  this  difficulty  would  be 
removed,  failed  entirely  for  ingress. 

Turning  next  to  egress,  we  have  first  to  consider  the 
operations  around  the  point  e',  where  accelerated  egress  was 
to  be  observed.  The  stations  provided  by  England  for 
observing  this  phase  were  in  New  Zealand,  though  the 
Government  Observatory  at  Melbourne,  and  the  Observatory 
at  Sydney  were  fairly  placed.  It  must  be  remembered,  how- 
ever, that  everything  depends  on  securing  observations  at 
both  ends  of  either  Delislean  base-line  by  similar  methods 
and  by  observers  similarly  trained.  The  only  stations  thus 
provided  for  were  those  in  New  Zealand  ;  and  unfortunately 
bad  weather  prevented  the  observation  of  egress  at  any  of 
these  stations.  The  American  party,  stationed  at  Queens- 
town,  in  Otago,  were  able  to  observe  and  photograph  all  the 
transit  except  egress,  but  the  English  parties  were  not  even 
favoured  with  this  partial  success — or  rather,  I  should  say, 
with  a  degree  of  success  which,  in  their  case,  would  have 
been  but  partial ;  for  to  the  Americans  the  observation  of 
egress  was  a  matter  of  small  importance.  It  is  impossible 
not  to  sympathise  with  Major  Palmer,  on  account  of  this 
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unfortunate  end  to  a  campaign  for  which  he  had  made  very 
complete  arrangements.     As  a  member  of  his  party,  writing 
from  Wellington,  remarks,   "  it   certainly  seemed  not  too 
much  to  expedt  that,  towards  evening  of  a  summer  day  in 
December,  one  of  the  finest  months  in  the  year  (in  New 
Zealand),  an  hour's  clear  sunshine  might  be  vouchsafed  to 
at  least  a  considerable  part  of  a  colony  somewhat  larger  than 
Great  Britain  and  famed  for  the   beauty  of  its  climate. 
Unhappily,  these  hopes  and  expectations  were  crushed  by  a 
day  of  pitiless  weather.     All  through  the  8th,  and  till  mid-day 
on  the  gth,  from  every  quarter  of  both  islands,  telegrams 
conveying  the  same  dismal  tidings  of  mist  and  rain,  cloud, 
gloom,  and  falling  barometers,  poured  in  on  Major  Palmer, 
the  English  chief,  warning  him  that  unless  some  sudden 
and   unlooked    for    change   should  very  soon  take   place, 
the  careful  plans  to  which  he  and  his  colleagues  had  for  so 
long  given  their  time  and  energies  would  prove  to  have  been 
made  in  vain.     No  change  came,  and  failure  was  the  result.*' 
"  To   crown   their  trouble,  the   day  after  the  transit  was 
provokingly,  almost  mockingly,  fine.     Some  excellent  sun- 
photographs,  which  were  taken  at  Bumham  on  that  day, 
showed  how  carefully  the  dry  plates  had  been  prepared,  and 
how  successful  this,  the  least  certain  branch  of  the  work, 
would  have  been.     That  the  choice  of  stations  was  judicious, 
and  that  all  was  done  that  could  be  done  with  the  means  at 
command,   is  the   opinion   expressed   everywhere."      This 
opinion  will  certainly  be  shared  in  England  also ;  nor  will 
astronomers  be  slow  to  accord  to  Major  Palmer  their  fullest 
sympathy  for  his  misfortune.   As  was  remarked  of  Le  Gentil's 
failure  in  1761,  Major  Palmer  has  "  experienced  one  of  those 
mishaps  which  assume  to  the  man  of  science  all  the  propor- 
tions of  a  real  misfortune — to   have  traversed  so  large  a 
portion  of  the  globe,  to  have  endured  all  the  weariness,  all 
the  privations,  all  the  perils  of  a  long  sea-voyage,  and  to 
have  been  able  to  effedt  nothing." 

The  Germans  at  the  Auckland  Islands,  a  station  superior 
in  value  to  any  in  New  Zealand,  achieved  great  success. 
Ingress,  indeed,  was  obscured,  "  but  ten  minutes  later  the 
sun  shone  out,  and,  the  sky  remaining  clear  till  the  end  of  the 
transit,  some  150  photographs,  as  well  as  the  observation  of 
egress,  were  obtained."  The  French  at  Caledonia  Island 
saw  everything  except  the  egress.  No  news  has  yet  arrived 
from  Campbell  Island,  where  the  French  had  a  station.  If 
success  was  achieved  there  also,  then  egress  has  been  well 
provided  for ;  though  the  failure  in  New  Zealand  remains 
scarcely    less    to    be    deplored,    because    of    the    special 
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arrangements  made  there  for  securing  observations  diredlly 
comparable  with  those  made  by  the  Government  parties 
in  Egypt. 

Turning  next  to  the  region   around  E,  where  retarded 
egress  was  to  be  observed,  we  have  to  consider  results  of  a 
mixed  charadter.    At  all  the  best  stations,  viz.,  those  occu- 
pied  by  the  Russians,  bad  weather  prevailed.     The  Russian 
Delislean  observing  parties  were  spread  over  Western  Si- 
beria, and  included   such   important  stations  as  Erivan, 
Tiflis,  Taschkent,  Astrakhan,  Omsk,  Blagowestchensk,  &c. 
At  some  of  these  stations  the  retardation  would  have  been 
fully  twelve  minutes,  whereas,  at  the  English  stations  in 
Egypt  and  North  India,  the  retardation  amounted  only  to 
ten  minutes.     At  Ispahan,  where  a  German  party  was  sta- 
tioned, there  would  have  been  a  retardation  of  10^  minutes; 
and  as  the  results  would   have  been  diredtly  comparable 
with  those  obtained  at  the  Auckland  Isles,  a  very  valuable 
Delislean   success  would   have   been    obtained    had   good 
weather  prevailed  at  Ispahan.    Unfortunately,  though  some 
good  mid-transit  photographs  were  secured,  the  contadl  at 
egress  was  missed  through  clouds.    A  Russian  party,  but 
not  provided  with  first-class  instruments,  were  successful  at 
Teheran.     But  the  chief  success,  so  far  as  retarded  egress 
was  concerned,  was  obtained  in  Egypt  and  in  North  India, 
a  circumstance  which  makes  the  ill-success  of  Palmer  in 
New  Zealand  the  more  unfortunate,  as  it  was  with  his  ob- 
servations that  the   Egyptian  results  were  to  have  been 
compared.    In  Egypt  thick  haze  prevailed  on  the  important 
morning,  until  within  a  few  minutes  of  the  moment  of  con- 
tact.   Then,  however,  the  sun  passed  clear  of  the  low-lying 
haze,  and  the  contadl  was  well  observed.     It  was  at  first 
announced  that  Captain  Abney  had  succeeded  in  getting  a 
photograph  of  the  contact  by  the  Janssen  instrument,  but  this 
news  turned  out  to  be  incorrect.     He  just  missed  the  adtual 
contact ;  though  it  would  appear  that  the  moment  of  conta<5t 
can  %be  approximately  determined  from  the  photographs.* 
The  German  observers  stationed  in  Egypt  also  made  very 
satisfactory  observations.      At   Roorkee,   in   North  India, 
egress  was  well  observed  (as  also  the  whdle  transit). 

On  the  whole,  the  Delislean  observations  for  egress  have 
been  fairly  provided  for.  The  special  English  plans  have 
been  defeated  by  bad  weather  in  New  Zealand;  but  the 
observations  at  Melbourne  and  Sydney  will  combine  tolerably 

*  It  seems  tolerably  clear  that  in  future  applications  of  the  Janssen  ar- 
rangement provision  must  be  made  for  a  longer  interval  than  one  minute. 
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well  with  those  made  in  Egypt  and  at  Roorkee.  The 
German  observations  in  the  Auckland  Isles  will  combine 
admirably  with  the  German  observations  in  Egypt, 

Before  passing  to  the  operations  by  other  methods,  it  may 
be  well  to  consider  the  general  Delislean  results,  and  the 
lessons  they  teach  us  as  to  future  operations.  It  is,  in  the 
first  place,  certain,  that  if  only  Delislean  operations  had  been 
provided  for,  as  in  the  original  programme,  the  measure  of 
success  achieved  would  have  been  very  far  from  satisfa<5^ory. 
Early  ingress  does  not  appear  to  have  been  well  observed, 
and  Janssen's  method  failed,  so  that  the  complete  ingress 
operations  are  to  some  degree  imperfedt.  The  English  special 
operations  for  observing  egress  have  completely  broken  down 
through  the  failure  in  New  Zealand.  The  success  of 
the  Germans  is  a  strong  p6int,  but  one  success  counts  for 
little  in  a  process  where  everything  depends  on  reducing  the 
final  error  through  the  number  of  successful  observations. 
It  is  to  be  noted  that  the  German  success  results  entirely 
from  the  fadt  that  the  Auckland  Isles  were  occupied. 
These  are  among  the  island  groups  to  which  I  diredled 
attention  in  1869.  Chatham  Island,  from  which  we  hope 
to  hear  of  good  American  egress  observations,  was  another — 
rejedled  by  the  Astronomer  Royal,  because,  by  a  miscalcu- 
lation, he  set  the  solar  elevation  7°  too  low.  Campbell 
Island,  where  the  French  have  a  station  (not  yet  reported 
from),  was  yet  another  of  these  islands.  All  of  these  were 
specially  named  by  me  as  suitable  for  applying  the  Delislean 
method  at  egress,  and  also  for  observing  the  whole  transit. 
Their  occupation  by  America,  France,  and  Germany,  and 
the  success  of  the  Germans  (even  though  we  should  not 
learn  that  the  Americans  and  French  had  also  been  success- 
ful), sufficiently  justify  my  suggestions,  and  more  than 
meet  the  comments  made  on  these  suggestions  by  official 
persons.  On  the  other  hand,  the  partial  failure  of  the 
English  Government  operations  in  no  sense  supports  my 
position,  except  in  so  far*  as  to  justify  the  anxiety  I  ex- 
pressed. Bad  weather  might  equally  have  thwarted  the 
arrangements  I  proposed,  which  other  nations  carried  out. 

Turning  now  to  Halleyan  and  mid-transit  operations,  we 
have  a  series  of  excellent  results  to  consider. 

In  the  first  place,  let  us  examine  the  northern  successes. 
At  Nertschinsk,  where  the  duration  fell  short  of  the  mean 
by  fully  15}  minutes,  the  Russians  observed  the  whole 
transit  with  excellent  telescopes,  and  obtained  a  number  of 
measures  and  photographs.  This  success  is  particularly 
gratifying,  as  Nertschinsk  was  the  best  of  all  stations  far 
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applying  Halley's  method.  So  far  back  as  1869  I  called 
special  attention  to  this  point.  But  even  so  late  as 
February,  1873,  the  Astronomer  Royal  declined  to  believe 
that  observations  would  be  made  there.  '*  Nertschinsk,"  he 
said,  '*  is  a  station  in  high  latitude,  nearly  1000  miles  from 
the  nearest  sea.  I  presume  that  its  climate  is  truly  conti- 
nental. At  St.  Petersburg,  in  the  winter,  the  sun  sometimes 
is  not  seen  for  several  weeks  together.  I  suppose  that  the 
same  may  happen  at  Nertschinsk.  I  doubt  greatly  the  pro- 
bability that  any  observations  can  be  made  there."  This  he 
assigned  as  the  sole  reason  why  England  should  not  occupy 
Southern  Halleyan  stations.  Though  four  years  had  passed 
since  I  pointed  to  Nertschinsk  as  a  suitable  northern  station, 
the  fadl  remained  still  unknown  to  the  person  principally 
responsible  for  the  English  arrangements  that  eighty  per  cent 
of  winter  days  are  clear  at  Nertschinsk.  Of  course  Russia 
occupied  this  excellent  station.  She  also  occupied  ten  others 
in  the  region  extending  thence  to  the  Sea  of  Japan,  obtaining 
more  or  less  complete  success  at  six  of  them.  The  Ameri- 
cans were  successful  at  Wladiwostock  and  Possiet,  the  Ger- 
mans at  Chefoo,  the  French  in  Japan  and  at  Pekin.  The 
duration  was  not,  indeed,  secured  at  all  the  northern  Hal- 
leyan stations,  though  it  was  at  most  of  them  ;  but  where 
cither  ingress  or  egress  was  missed,  the  position  of  the  chord  of 
transit  was  effedlually  secured  by  mid-transit  photographs 
and  heliometric  measurements.  At  Roorkee,  in  the  long- 
negledled  Indian  region,  the  whole  transit  was  observed  and 

Photographed  under  Col.  Tennant's  skilful  supervision, 
'he  Germans  photographed  mid-transit  at  Ispahan,  the 
Russians  at  Teheran.  The  whole  transit  was  also  observed 
by  amateur  astronomers  at  Kurrachee,  Indore,  and  Cal- 
cutta, a  fadl  rather  showing  what  ought  to  have  been  done 
by  official  astronomers  in  England  to  strengthen  the  north 
Indian  position,  than  (in  all  probability)  adding  much  to  the 
value  of  northern  Halleyan  operations. 

In  the  southern  hemisphere  corresponding  successes  have 
been  already  reported,  though  as  yet  we  have  not  heard 
from  some  of  the  best  southern  stations,  nor  have  we 
sufficient  news  of  the  nature  of  the  success  known  to  have 
been  achieved  at  Kerguelen  Island.  But  the  Germans  were 
successful  in  securing  mid-transit  photographs  in  the  Auck- 
land Isles,  and  the  Americans  at  Otago  and  in  Tasmania. 
At  Sydney,  Melbourne,  and  Adelaide,  the  chord  of  transit 
has  been  well  secured.  At  Melbourne,  in  particular,  the 
observations  may  be  regarded  as  presumably  most  valuable, 
on  account  of  the  Government  observatory  there.     I  do  not 
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know  whether  Mr.  Ellery  was  able  to  make  use  of  the  in- 
struments (belonging  to  the  Astronomical  Society),  which 
Mr.  Lockyer  had  so  generously  presented  to  him  after  the 
Indian  eclipse  of  1871.  If  so  the  Astronomical  Society, 
though  it  should  reclaim  its  property,  may  be  disposed  to 
pardon  the  slight  mistake  made  in  this  matter.  From  the 
two  French  stations  in  St.  Paul's  Island  and  Campbell 
Island  (two  of  my  myths  I  suppose*)  no  news  has  yet  been 
received.  At  Rodriguez  the  whole  transit  was  seen,  and 
mid-transit  well  photographed.  The  French  also  secured 
more  than  two  hundred  daguerreotypes  at  Caledonia  Island, 
and  these  will  prove  exceedingly  useful. 

But  the  most  complete  mid-transit  success  was  that 
achieved  by  Lord  Lindsay's  party  at  the  Mauritius,  where 
photographic  arrangements  much  more  satisfactory  than 
those  made  at  the  Government  stations  were  combined 
with  heliometric  observations  of  mid-transit  and  spedlro- 
scopic  observations   of  exterior  contadl,  neither  of  which 

*  I  have  been  in  conBiderable  doubt  as  to  the  localisation  of  my  "  geogra- 
graphical  myths."  Admiral  Richards  was  sufficiently  ready  to  describe  me 
as  suggesting  '*  geographical  myths,"  but  he  has  never  indicated  what  he 
really  intended  by  that  remark.  Of  southern  islands  which  I  recommended, 
if  accessible  (and  which  I  supposed,  after  Admiral  Richards's  rebuke,  to  be 
inaccessible,  to  say  the  least),  the  Germans  have  occupied  one,  the  Americans 
another,  and  the  French  two  others ;  while  the  French  say,  in  their  report, 
that  they  would  have  occupied  more  stations  in  the  southern  seas,  if  they 
could  have  supposed  England  would  have  left  the  field  open  to  them,  as  she 
adually  did.  Another,  Crozet  Island,  was  to  have  been  occupied  by  America, 
having  been  pronounced  accessible  by  experienced  sealing  merchants,  but  bad 
weather  prevailed  for  some  time  after  the  Swatara  had  reached  the  islands, 
and  having  to  convey  all  the  American  observing  parties,  she  was  compelled 
to  proceed  on  her  way  without  effeding  a  landing  there.  (England,  with 
ample  time,  and  colonial  possessions  close  by,  might  very  easily  have  occu- 
pied this  station.)  Macdonald  Island  proved  indeed  to  be  barely  accessible, 
and  was  not  occupied,  though  this  was  not  proving  it  to  be  a  geographical 
myth.  I  do  not  know  whether  Royal  Company  Island  and  McQuarie  Island 
are  myths ;  but  they  are  certainly  marked  in  admiralty  charts.  Possession 
Island  was  described  by  Admiral  Richards  himself  as  easily  accessible.  Sa- 
brina  Land  was  the  seleded  station  for  the  transit  of  1882.  Where,  then,  are 
the  "  geographical  myths  ?"  Great  indignation  was  expressed  with  me  when 
I  said  that  the  islands  in  south  seas  seemed  to  be  described  by  the  Ad- 
miralty as  myths  or  realities,  *'  as  might  be  most  convenient  to  those  in 
authority  f**  and  it  was  absurdly  stated,  that  in  so  saying  I  was  accusing  the 
Admiralty  of  making  false  entries  in  their  charts.  The  ezadfc  reverse  is  the 
case.  I  believe  in  the  Admiralty  charts ;  but  the  statement  that  my  proposed 
stations  are  geographical  myths  I  consider  inaccurate.  It  is  not  possible  to 
land  on  myths,  or  to  set  up  observatories  on  myths.  As  I  explained  to  the  As- 
tronomical Society,  I  attributed  nothing  dishonourable  to  Admiral  Richards ; 
his  myths  were  a  mistake — that  is  all.  I  should  have  thought  his  remark  ought 
long  since  to  have  been  withdrawn  (as  publicly  as  it  was  advanced),  and  not 
without  some  sort  of  apology.  But  officialism  sometimes  overrides  good 
manners. 
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methods  had  been  provided  for  at  all  by  our  official  astro- 
nomers.* 

On  the  morning  of  the  transit,  at  Mauritius,  the  sun  rose 
concealed  by  clouds.  Minute  after  minute  passed  without 
any  sign  of  a  break  in  the  cloud-bank  behind  which  the  sun 
lay  hidden.  The  important  period  of  ingress,  from  first  ex- 
ternal conta<5t  to  first  internal  contadt,  passed  without  a 
single  opportunity  of  observing  the  motions  of  Venus  as  she 
entered  on  the  sun's  face.  Had  Lord  Lindsay's  party  been 
relying  upon  the  views  entertained  by  astronomers  five  years 
ago,  according  to  which  only  the  Delislean  method  could  be 
applied,  their  whole  scheme  of  operations  would  have  already 
failed,  for  the  egress  at  Mauritius  was  not  worth  observing 
for  that  method.  But  the  failure  thus  far  signified  only  that 
one  method  out  of  three  which  the  party  had  hoped  to  apply 
had  failed  them.   We  may  say,  indeed,  that  Halley's  method 

*  It  seems  to  me  that  Lord  Lindsay's  recent  work  in  the  cause  of  science  is 
worthy  of  more  than  ordinary  recognition.  It  is  no  new  thing,  indeed,  for  men 
of  wealth  and  leisure  to  devote  large  sums  to  the  advancement  of  science,  though 
even  in  this  resped  what  Lord  Lindsay  has  done  is  noteworthy,  seeing  that 
the  expedition  fitted  out  hy  him  will  involve,  first  and  last,  a  cost  little  short 
of  the  entire  amount  devoted  to  the  British  Government  expeditions.  The 
remarkable  feature  in  the  present  case  is  the  personal  adivity  displayed  in  the 
cause  of  science  by  one  who  might  well  have  been  content  with  the  contri- 
bution of  some  fifteen  thousand  pounds  to  a  single  scientific  expedition. 
Moreover,  it  is  to  be  remembered  that  this  is  not  by  any  means  the  first  of 
Lord  Lindsay's  services  to  science.  On  the  occasion  of  the  eclipse  of  De- 
cember, 1870,  Lord  Lindsay  fitted  out  an  expedition  at  his  own  expense,  aU 
the  preparations  being  much  more  complete  than  those  made  for  either  of  our 
Government  eacpeditions.  On  that  occasion  he  accompanied  his  party,  and 
took  an  important  share  in  the  work  of  observation.  The  next  great  astrono- 
mical event  in  which  he  assisted  was  the  total  eclipse  of  December,  1871.  On 
that  occasion  he  fitted  out  an  expedition  at  great  expense,  the  results  obtained 
by  which  were  the  most  important  ever  obtained  in  eclipse  observation,  seeing 
that  Lord  Lindsay's  party  stationed  at  Baikul  secured  a  series  of  photographs 
of  the  corona  which  finally  established  the  solar  nature  of  that  wonderful 
objed.  Lord  Lindsay  did  not  himself  join  the  expedition  to  India,  but  he 
took  a  large  part  in  the  work  of  analysing  the  results  then  obtained.  A  labo- 
ratory was  fitted  up  by  him  in  London,  where,  in  company  with  Mr.  Davis  (to 
whose  skill  the  success  of  the  operations  was  in  large  part  due)  and  other 
skilful  assistants,  he  investigated  carefully  all  the  details  of  the  photographs 
obtained  in  India.  Even  at  that  time  preparations  were  being  made  and  ex- 
periments carried  on  for  the  expedition  to  observe  the  transit  at  the  Mauritius. 
Lieut.  Gill  was  placed  as  superintendent  over  Lord  Lindsay's  observatory  at 
Dunecht,  where  all  the  instruments  and  methods  to  be  employed  during  the 
transit  were  carefully  tested.  At  the  laboratory  in  London  experiments  were 
made  by  Lord  Lindsay  and  Mr.  Ranyard  on  the  peculiarities  of  solar  photo- 
graphs, in  order  that  the  best  method  of  photographing  the  progress  of  the 
transit  might  be  adopted.  Lord  Lindsay  not  only  took  a  share  in  such  work, 
and  in  superintending  the  preparations  at  Dunecht,  but  visited  continental 
astronomers,  physicists,  and  instrument-makers,  inquiring  into  the  qualities 
of  various  methods,  processes,  and  instruments,  in  order  that  every  available 
means  for  securing  the  best  results  might  be  employed.  Lastly,  he  was  not 
content  to  send  out  the  expedition  thus  carefully  provided  for,  but  himself 
went  to  the  Mauritius  and  shared  in  the  work  of  observation. 
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had  also  failed,  seeing  that  the  duration  of  the  transit  could 
not  now  be  determined  ;  but  the  essential  objedt  in  Halley's 
method  is  to  determine  the  position  of  the  chord  of  transit, 
and  it  still  remained  possible  that  this  end  might  be  secured. 
Fortunately  the  clouds  which  had  so  long  concealed  the  sun 
cleared  partly  away  about  one  hour  after  transit  began,  and, 
though  the  sun  was  visible  only  for  a  few  minutes,  photo- 
graphs and  measures  were  obtained.  It  was  not  tiH  8  o'clock 
in  the  morning  that  it  became  fairly  fine,  and  from  that  time 
the  course  of  observation  steadily  proceeded  until  the  end  of 
the  transit. 

Lord  Lindsay's  place  was  in  the  photographic  room. 
**  I  took,"  he  says,  "  271  plates,  out  of  which  number  per- 
haps 100  will  be  of  value  :  cloud  and  the  high  temperature 
of  the  camera  were  much  against  me,  the  temperature 
varying  from  g6*  to  ioo°.»  With  the  heliometer  Mr.  Gill  ob- 
tained five  complete  determinations  of  greatest  and  least 
distance  of  the  centres  of  the  sun  and  Venus,  besides  nine 
measures  of  cusps,  and  two  determinations  of  the  diameter 
of  Venus  near  the  end  of  the  transit.  Dr.  Copeland  ob- 
tained fifteen  measures  of  least  distance  of  Venus  from  the 
sun's  limb,  and  ten  measures  of  cusps.  The  last  internal 
contadt  was  observed  successfully,  as  also  the  last  external 
conta(5t. 

I  come  next  to  a  point  which  I  would  willingly  pass  over, 
but  that  the  history  of  the  transit  would  be  incomplete 
without  some  account  of  it.  It  had  been  shown  by  me,  in 
1869,  that  Cape  Town  would  be  an  excellent  station  for  ob- 
serving the  middle  of  the  transit.  A  letter  published  in 
the  "  Times,"  for  February  15th,  from  Mr.  Dunkin,  informed 
astronomers  that  the  egress  of  Venus  was  satisfadtorily 
observed,  at  Cape  Town  by  Mr.  Stone,  Astronomer  Royal  at 
the  Cape.  The  satisfactory  observation  of  egress  at  Cape 
Town  unfortunately  counts  for  very  little  more  than — say — 
the  satisfaftory  observation  of  a  sun-spot  on  the  morning  of 
the  transit.  The  valuable  stations  for  egress  were  those  al- 
ready considered,  where  egress  was  either  notably  accelerated 
near  b'  or  notably  retarded  near  e.  Cape  Town  is  remote 
from  either  region,  and  observations  of  egress  there  had 
scarcely  any  value  whatever.  But  Cape  Town  as  a  southern 
mid-transit  station  was  absolutely  better  than  any  station 
occupied  either  by  our  own  country  or  by  others.  Mid- 
transit  photographs  secured  there,  especially  with  all  the 
advantages  of  a  well-provided  national  observatory,  would 
have  been  invaluable :  so,  also,  would  have  been  heliometric 
measures  of  Venus  at  the  time  of  mid-transit,  and  afterwards 
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until  the  end  of  the  transit.  It  appears  only  too  certain, 
from  the  absence  of  all  mention  of  any  such  work  in  Mr. 
Dunkin's  letter,  that  absolutely  no  provision  whatever  had 
been  made  for  these  most  important  purposes.*  If  the 
opportunity  of  utilising  the  Cape  Town  Observatory  for 
mid-transit  observations  had  simply  been  overlooked,  little 
need  have  been  said.  That  would  have  been  no  novelty,  un- 
fortunately. But  special  attention  had  been  dire(5ted  to  the 
value  of  the  station.  In  reply  to  a  letter  by  Admiral  Sir  H, 
Cooper  Key,  inquiring  whether  Sir  G.  Airy  had  made  arrange- 
ments for  photographing  mid-transit,  the  answer  came  that 
the  method  had  been  amply  provided  for ;  yet  at  the  very 
best  station  for  the  purpose  no  provision  had  been  made,  though 
the  station  was  exceptionally  suitable,  because  of  the  Govern- 
ment Observatory  there  and  the  presence  of  skilled  astrono- 
mers. This  wQuld  have  been  unfortunate  as  a  mere  case  of 
negligence,  ibut  in  its  real  aspedt  the  matter  is  much  more 
serious. .   It  will  not  readily  be  forgotten. 

In  summing  up  the  results  of  Halleyan  and  mid-transit 
operations,  we  must  distinguish  between  contadt  observa- 
tions, photographic  results,  and  heliometric  measurements. 
We  must  also  draw  a  distinAion  between  the  various  modes 
of  photographing  the  transit  employed  at  different  stations. 

It  seems  probable  that  in  future  transits  less  reliance  will 
be  placed  on  conta(5t  observations  than  on  photographic 
work.  It  is  true  that  the  results  obtained  during  the  recent 
transit  show  that  the  phenomenon  of  the  '^  black  drop," 
which  in  1761  and  1769  occasioned  so  much  trouble,  depends 
on  instrumental  imperfedlions  and  atmospheric  disturbances,t 
and  can  be  pradlically  eliminated  by  employing  good  tele- 
scopes and  choosing  stations  where  the  sun  will  not  be  too 
low  at  the  time  of  either  internal  conta(5t.  Nevertheless,  a 
*'  personal  equation  "  comes  in,  depending  on  the  fiadt  that 
the  eye  itself  is  part  of  the  optical  arrangement  for  observing 

*  It  Sb  impossible  not  to  conned  this  with  what  happened  in  the  case  of  the 
important  total  solar  eclipse  of  April,  1874,  when  totality  lasted  more  than< 
four  minutes.  On  that  occasion,  though  the  track  of  total  shadow  passed 
close  by  our  Cape  Colony,  Mr.  Stone  received  no  assistance  whatever  towards. 
the  proper  observation  of  the  eclipse.  He  had  not  even  an  equatorial  tele- 
scope, but  was  obliged  to  observe  with  an  altazimuth  telescope  "  borrowed 
from  Mr.  H.  Solomon,**  to  which  Mr.  Stone  attached  a  spe^roscope  with- 
'*  wrappers  of  wash-leather,**  for  want  of  more  suitable  appliances. 

•f  Mr.  Stone's  ideas  on  this  subjed,  on  which  so  much  stress  was  laid  in 
x868,  have  been  entirely  overthrown  by  the  recent  transit  observations.  Of  all 
whose  results  have  reached  us,,  Mr.  Stone  himself  was  the  only  observer  of  skill 
who,  with  a  good  telescope,  saw  any  approach  to  the  *'  black  drop  **  required  by 
his  theory.  Certainty  he  saw  and  pl^ured  what  accorded  most  perfedly  with 
his  own  ideas ;  but  that  only  shows  how  likely  preconceived  opinions  are  to. 
make  the  observer  fancy  he  sees  what  he  thxaks  ha  ought  to  see.. 
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contadl,  and  thus  the  observed  moment  of  contadt  depends — 
to  the  extent  of  three  or  four  seconds  at  least — on  the  ob- 
server's idiosyncrasies.  This  equation  may  be  estimated  by 
pradlice  on  models  ;  but  it  must  always  remain  doubtful  how 
far,  in  the  excitement  of  transit  observation,  the  personal 
equation  remains  the  same  as  in  the  calm  of  *^  model 
transit "  operations. 

Heliometric  measurements,  again,  seem  inferior  to  the 
instantaneous  work  of  photography.  On  any  reasonable 
assumption  as  to  the  skill  of  the  observer,  it  is  impossible  to 
believe  that  he  can  measure  the  position  of  Venus  with  an 
accuracy  comparable  to  that  with  which  the  photographic 
pidlure  can  be  measured,  if  only  that  pid^ure  is  clearly  de- 
fined, and  not  affedted  by  imperfe(5lions  such  as  would  render 
the  process  of  measurement  uncertain.  For  instance,  specks 
and  stains  on  the  photograph  do  no  harm.  A  contraction  of 
the  film  in  photographs  on  glass  would  be  mischievous,  as 
also  would  be  the  effedls  of  so-called  photographic  irradia- 
tion, if  measurement  depended  on  the  size  of  the  photo- 
graphic image  of  the  sun  as  affording  a  scale  of  measurement, 
while  of  course  any  optical  defedls  would  be  fatal.  But  if 
such  sources  of  error  as  these  last  can  be  in  any  way 
avoided,  then  photography  must  take  its  rank  as  facile 
princeps  among  the  available  methods  for  dealing  with  transits 
of  Venus. 

Now  hepe,  again,  we  approach  one  of  those  delicate 
questions  unfortunately  so  numerous  in  the  history  of  recent 
transit  operations.  English  official  astronomers  were  con- 
tent to  take  the  opinion  of  Mr.  De  la  Rue,  a  skilful  photo- 
grapher of  celestial  objects,  doubtless,  but  in  the  first  place 
likely  to  view  this  matter  solely  in  its  photographic  aspedl, 
and  secondly  (as  is  manifest  by  his  own  account  of  the 
qualities  of  the  method  he  advocated),  unaware  of  the  exadl 
astronomical  requirements  for  success.  In  this  method,  that 
used  in  the  Kew  Observatory,  the  image  formed  at  the  focus 
of  the  objedl-glass  is  optically  enlarged  before  it  is  received 
on  the  photographic  plate,  and  consequently  its  proportions 
depend  on  the  instrumental  adjustment,  so  that  the  only 
means  of  determining  the  scale  of  the  sun  pidlure  is  by  a 
reference  to  the  pidture  itself.  But  if  there  is  any  photo- 
graphic irradiation  or  shrinkage  of  the  collodion  film,  the 
sun  image  will  be  affedled ;  in  other  words,  the  scale  of  mea- 
surement  will  be  falsified.  Now  it  is  asserted  by  nearly  every 
one  who  is  at  once  competent  to  pronounce  on  photographic 
matters  and  acquainted  with  the  mathematical  aspedt  of 
the  question,  that  there  is  no  such  accuracy  in  the  outlines 
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of  the  sun  and  Venus,  obtained  by  De  la  Rue*s  method,  as 
is  requisite  in  the  delicate  problem  of  measurement  involved. 
The  photographic  delineation  ought  to  be  not  only  the  best 
possible,  but  ought  to  be  pradlically  perfedl.  What,  how- 
ever, do  we  hear  (when  it  is  too  late)  from  the  very  person 
who  was  responsible  for  the  employment  of  the  best  available 
method,  and  at  whose  instance  not  only  the  English,  but  the 
Russian  and  German,  arrangements  for  photographing  the 
transit  had  been  seledled?  The  Astronomical  Society  is 
calmly  informed  that  the  French  method  of  photographing 
the  transit  (on  silver)  is  infinitely  more  exa(5t  than  the  method 
of  photographing  on  glass.  I  do  not  know  in  what  sense 
the  Astronomer  Royal  used  the  word  infinitely ;  but  he  is  a 
mathematician,  and  therefore  probably  used  the  word  in  its 
mathematical  sense ;  that  is  to  say,  regarding  the  trust- 
worthiness of  the  French  photographs  on  silver  as  repre- 
sented by  some  finite  quantity  t,  the  trustworthiness  of  the 
photographs  taken  by  the  English,  Russian,  and  German 
Government  parties,  is  in  the  Astronomer  Royal's  opinion^ — 

-i  - 

We  cannot  blame  Mr.  De  la  Rue  for  proposing  a  method 
thus  rejedled  as  utterly  untrustworthy.  He  was  not  the 
responsible  person.  Dr.  Rutherford,  in  America,  advocated 
the  same  method,  which  probably  seems  to  the  photographer 
the  best  available.  But  the  American  astronomers  respon- 
sible for  the  photographic  arrangements  rejefted  this  method, 
showing  by  their  calculations  that  it  could  not  be  trusted. 
Our  official  astronomers  have  also  found  this  out.  But 
there  is  this  trifling  difference — American  official  astronomers 
made  the  discovery  before  seledling  a  method  for  photo- 
graphing the  transit ;  ours  made  the  discovery  a  month  after 
the  transit,  had  taken  place. 

The  Americans  met  the  difficulty,  not  as  the  French  did, 
by  taking  daguerreotypes,  but  by  using  an  objedt-glass  oif 
great  focal  length  (40  feet).  It  is  manifest  that  with  such 
an  arrangement,  the  true  focal  length  being  known,  the 
scale  of  the  sun  pidlure  is  determined  independently  of  the 
apparent  size  of  the  solar  image.  For  the  focal  image  is  as 
large  as  a  disc  which,  seen  at  the  focal  distance,  would  look 
just  as  large  as  the  sun ;  and  the  sun's  apparent  diameter  at 
the  time  of  transit  being  known,  as  also  the  true  focal 
length,  we  can  calculate  how  large  such  a  disc  would  be. 
The  photographic  pidture  may  be  slightly  larger  or  slightly 
smaller  through  photographic  defefts, — expansion  by  irradi- 
ation or  shrinkage  all  round  the  border ;  but^  as  we  have  no 
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occasion  to  measure  the  diameter  of  the  disc,  this  is  a 
matter  of  perfedl  indifference.  All  we  require  to  know  is 
the  distance,  in  any  pidlure,  between  the  centres  of  the 
discs  of  the  sun  and  Venus,  and  whether  the  outlines  of 
these  discs  have  contracted  or  expanded  the  positions  of 
their  centres  can  be  accurately  determined.  The  great 
difficulty  to  be  surmounted  consisted  in  the  construction  of 
suitable  mirrors  for  the  heliostats.  An  ordinary  telescope, 
40  feet  in  length,  was  out  of  the  question,  since  no  available 
machinery  could  diredt  such  a  telescope  continually  towards 
the  sun.  The  constru(5tion  of  a  flat  mirror  was  a  matter  of 
extreme  difficulty.  As  Prof,  Newcomb  pointed  out — "  The 
slightest  deviation  from  perfect  flatness  would  be  fatal :  for 
instance,  if  a  straight-edge  laid  upon  the  glass  should  touch 
at  the  edges,  but  be  the  ioo,oooth  of  an  inch  above  it  at  the 
centre,  the  refledtor  would  be  useless."  But  with  such 
opticians  as  Alvan  Clark  and  his  sons  this  difficulty  was  not 
found  insuperable,  and  the  mirrors  provided  for  the  eight 
American  parties  were  to  all  intents  and  purposes  perfedt. 

Lord  Lindsay  sele(5\ed  the  same  method.  The  mirror  for 
his  heliostat  was  constructed  by  Repsold,  and  worked  excel- 
lently. 

We  must,  then,  in  considering  the  photographic  results, 
attach  chief — if  not  sole — value  to  the  successes  obtained 
by  the  Americans  and  Lord  Lindsay  using  the  long  focal 
method,  and  by  the  French  using  Daguerre's  process.  For- 
tunately a  sufficient  number  of  results  have  been  obtained 
by  both  methods,  and  in  both  hemispheres,  to  ensure  the 
determination  of  the  solar  parallax  to  a  much  gi'eater  degree 
of  accuracy  than  heretofore.  I  think  it  is  not  too  much  to 
hope  that  the  sun's  distance  may  now  be  ascertained  within 
limits  of  error  not  exceeding  100,000  miles  on  either  side  of 
the  true  distance. 

On  the  whole.  Science  has  every  reason  to  congratulate 
herself  on  the  results  achieved  during  the  observation  of  the 
late  transit.  There  was  a  good  deal  of  blundering  at  the  outset, 
and  there  were  some  points  to  be  regretted  in  the  final  arrange- 
ments, but  the  more  important  mistakes  were  corrected  in 
good  time.  In  portioning  to  the  difl'erent  nations  the 
honours  due  to  them,  we  must  assign  to  some  countries 
special  credit  for  some  matters,  while  in  other  matters  other 
countries  took  the  lead.  America  devoted  a  larger  sum  to 
the  expenses  than  any  two  nations  together,  and  adopted 
excellent  arrangements.  Russia  provided  for  the  greatest 
number  of  stations;  in  fadt,  for  more  thafl.  England, 
Americai  and  France  together.    Germany  alone  combined 
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photographic  and  heliometric  operations  in  both  hemispheres. 
France  distinguished  herself  by  occupying  the  greatest 
number  of  difficult  island  stations  in  the  southern  seas. 
Lastly,  to  England  must  be  assigned  whatever  credit  is  due 
to  the  first  discussion  of  the  subjedl,  and  the  promulgation 
of  a  programme  for  the  whole  scientific  world :  had  this 
programme  been  but  correct,  and  had  other  nations  only 
accepted  the  parts  assigned  to  them,  England  would  have 
been  as  easily  first  as  she  was  in  1769,  and  as  she  may  be — 
who  knows  ? — in  i88a. 


IV.  THE  QUESTION  OF  ORGANIC  EVOLUTION.* 

E,  in  the  latter  half  of  the  nineteenth  century,  are 
fated  to  be  present  at  one  of  the  most  striking 
revolutions  which  have  ever  occurred  in  the  inter- 
pretation of  the  universe.  The  announcement  of  the  helio- 
centric theory  of  the  heavens,  the  discovery  of  the  law  of 
universal  gravitation,  the  overthrow  of  the  phlogistian 
chemistry,  the  creation  of  the  science  of  geology,  and  the 
modem  dodlrine  of  the  conservation  of  force  are,  indeed,  phi- 
losophically, steps  of  equal  value.  But  probably  none  of 
them,  not  even  the  first  mentioned,  has  given  rise  to  so  much 
and  so  intemperate  controversy.  Forty  years  ago,  when  the 
*'  Beagle "  was  prosecuting  her  voyage  of  discovery  with 
the  young  and  unknown  naturalist  Charles  Darwin  on 
board,  zoology  and  botany  were  the  quietest,  the  least 
exciting  of  the  sciences.  Deemed  altogether  remote  from 
human  interests,  with  scant  fame  and  scanter  material 
revtrards  to  confer  upon  their  votaries,  they  were  sneered  at 
by  poets,  t  and  viewed  by  statesmen,  ecclesiastics,  and  men 
of  business  with  supreme  indifference.  Now  all  is  changed : 
over  a  large  portion  of  the  civilised  world,  a  zoological  ques- 
tion is  debated  with  an  interest  passing  into  acrimony. 
**  With  the  exception  of  ecclesiastico-political  topics,  no 
sphere  of  thought  agitates  the  educated  classes  of  our  day 
80  profoundly  as  the  dodlrine  of  descent.*'  **  Darwinism  is 
meat  and  drink  to  the  daily  papers,  and  to  the  political  and 
theological  periodicals."    The  terrible  truth  has  dawned 

*  The  Dodrine  of  Descent  and  Darwinism.  By  Oscab  Schmidt.  London : 
H.  S.  King  and  Co. 

Evolution  and  the  Origin  of  Life.  By  H.  Charlton  Bastian,  M.D., 
F.R.S.,  &c.    London  :  -Macmillan  and  Co. 

f  For  instance,  Ebenezer  Elliot,  the  Corn-law  Rhymer. 
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upon  the  world  that  laws,  at  first  deemed  applicable  solely 
to  *' dumb  animals" — to  "mere  brutes" — extend  to  man. 
The  theory  of  ferns  and  flowers,  of  beetles  and  butterflies, 
has  become  a  theory  of  life.  Notions  which  have  been 
unfortunately  entangled  with  our  creeds,  intertwined  with 
our  earliest  education,  and  which  underlie  many  of  our 
colloquial  expressions,  are  threatened.  No  wonder  that,  as 
Professor  Schmidt  expresses  the  matter, — "  Since  to  non- 
scientific  persons  the  notorious  relationship  with  apes  is  the 
alpha  and  omega  of  the  Dodlrine  of  Descent — since  the 
most  confused  heads  are  often  most  thoroughly  convinced 
of  their  own  pre-eminence — on  no  subje<^  do  we  so  frequently 
hear  superficial  opinions,  mostly  condemnatory,  and  all 
evincing  the  grossest  ignorance." 

But  whilst  the  new  dodtrine  has  met  with  so  hostile 
a  reception  from  those  ignorant  of  the  organic  sciences,  if 
not  of  science  altogether,  or  at  least  dominated  by  a 
radically  unscientific  spirit,  its  welcome  among  candid, 
working  naturalists,  capable  of  understanding  the  evidence 
on  which  it  rests,  is  equally  remarkable.  Agassiz,  one  of 
its  bitterest  opponents,  though  his  own  researches  had 
helped  to  prepare  its  advent,  exclaimed  almost  passionately 
that  he  did  not  expedl  to  see  so  many  of  the  best  minds  of 
the  age  range  themselves  under  the  standard  of  Evolu- 
tionism. To  use  an  expression  of  Professor  Schmidt's  : 
"  Scales  fell,  as  it  were,  from  the  eyes  of  fellow-labourers  and 
speftators,  and  the  rapidity  with  which  the  theory  makes  its 
way  affords  the  best  evidence  that  it  took  shape,  and  was 
proclaimed  at  the  proper  moment."  Its  efFedl  upon  the 
sciences  concerned  has  been  the  best  argument  in  its  favour. 
Stray  fafts,  unintelligible,  or  at  least  unaccountable,  observa- 
tions, at  once  arrange  themselves  in  definite  order,  like 
well-disciplined  soldiers  at  the  tap  of  the  drum.  Zoology 
and  botany  have  received  a  purpose  which  before  they  lacked. 
Best  of  all,  the  necessity  of  verifying  the  "Darwinian*' 
dodtrine  has  produced  and  is  still  producing  a  plentiful 
harvest  of  discoveries.  The  works  of  Evolutionists  are  not 
barren  apologetics  for  a  stationary  creed,  but  successful 
applications  of  a  vital  principle.  Different  thinkers  may 
attach  greater  or  less  importance  ta  "natural  seledtion,"* 
the  power  by  which,  according  to  Darwin,  the  mutation  of 
species,  is  mainly  effedled;  other  powers,  modifying,  con- 
trolling, and  extending,  may  and  probably  will  be  brought  to 
light. ,  But  the  doftrine  of  evolution  itself,  we  believe,  has 
scarcely  failed  to  receive  the  assent  of  any  conscientious 
and  qualified  naturalist  who  has  given  it  a  fair  triaU    "  The 
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proof  of  the  pudding/'  says  a  homely  old  adage,  ''  is  in  the 
eating,'*  and  the  proof  of  a  theory,  in  the  same  manner,  is  in 
the  working. 

Professor  Schmidt  points  out  that,  although  the  honour  of 
this  great  discovery  belongs  incontestably  to  Mr.  Darwin, 
yet  previous  thinkers  had  been  turning  their  inquiries  in  the 
same  direction.  Of  these,  the  foremost  place,  perhaps, 
belongs  to  Lamarck,  who,  in  the  earlier  part  of  the  century, 
was  loudly  shrieked  over  by  the  Cuvierian  school  (then  domi- 
nant). As  early  as  1804,  in  his  '*  Philosophic  Zoologique," 
he  enunciated  views  which,  had  they  been  worked  out  in 
detail,  and  verified  by  carefully  seledled  evidence,  would 
have  almost  anticipated  Darwin.  He  held  that  our 
systematic  definitions  and  gradations  are  purely  artificial ; 
that  nature  has  produced  neither  orders,  families,  genera, 
nor  even  immutable  species.  He  regards,  as  the  main 
cause  of  divergence  from  the  original  type,  peculiarities 
acquired  by  the  efforts  of  animals  to  accommodate  themselves 
to  a  change  in  external  circumstances,  and  the  use  or  disuse 
of  organs — causes  which  certainly  cannot  have  been  operative 
in  the  vegetable  world.  Of  our  great  comparative  anatomist, 
Richard  Owen — another  herald  of  the  avatar  of  Evolution — 
Professor  Schmidt  remarks:  "From  the  ichthyosaurus  to 
man  he  sees  the  connedtion  of  descent ;  he  denies  that  the 
influence  of  circumstances  is  decisive ;  he  rejedts  a  dozen 
times  any  kind  of  miracle ;  but  the  next  moment  he  cleaves 
to  miracle  again,  namely,  to  an  innate  tendency  towards  a 
certain  future  development,  not  imposed  by  circumstances 
and  dependent  on  them,  but  conducive  to  a  special  purpose. 
Thus  deal  the  trimmers,  who  through  fear  of  consequences 
appease  their  scientific  consciences  with  a  word." 

The  opinion  that  "  Goethe  adtually  proclaimed  the 
Dodtrine  of  Descent,  or  was,  even  in  a  poetical  sense,  its 
inspired  prophet,"  though  entertained  by  Haeckel  is  rejedled 
by  Schmidt. 

It  may  prove  interesting  briefly  to  examine  some  of  the 
leading  dodtrines  of  the  old  school,  and  to  note  the  transfor- 
mation they  have  undergone  in  the  light  of  Evolutionism. 

By  the  old  Natural  History,  species — in  contradistindlion 
to  variety  or  sub-species  on  the  one  hand,  and  to  sub-genus 
on  the  other — was  viewed  as  a  something  objedlive,  and 
capable  of  a  rigorous  demarcation.  For  its  recognition  a  two- 
fold criterion  was  put  forward ;  a  certain  degree  of  mutual 
resemblance  or  morphological  unity  in  all  essential  charadlers, 
and  a  kindred  connedtion  by  the  ties  of  a  common  descent 
from  a  hypothetical  ancestral  pair.    On  the  faith,  chiefly, 
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of  one  well-known  negative  instance,*  it  was  assumed  that 
all  the  individuals  of  a  species — even  though  belonging  to 
distindl  varieties — were  capable  of  producing  fertile  progeny, 
whilst  sexual  intercourse  between  members  of  different 
species  resulted  either  in  sterile  offspring  or  in  none  at  all. 
It  is  surprising  how  much  was  here  taken  for  granted. 
Both  these  tests  utterly  failed  in  pradlice.  The  physiolo- 
gical criterion,  baseless  as  we  now  know  it  to  be,  was 
neither  applied,  nor  indeed  capable  of  application,  in  one 
case  in  a  thousand.  Who  ever  tried  whether  every  two 
supposed  species  of  some  closely  connedled  group  of  insedts 
were  or  were  not  capable  of  producing  prolific  offspring  ? 
Experiments  of  this  nature,  continued  for  a  few  generations^ 
can  only  be  carried  out  upon  animals  in  captivity.  Now  it 
is  well  established  that,  under  such  circumstances,  certain 
animals  refuse  to  breed  at  all.  Undoubted  varieties  have 
been  found  which  will  not  propagate  with  the  original  race. 
Thus  '*  the  variety  evolved  in  Paraguay  from  our  domestic 
cat  pairs  no  longer  with  its  ancestral  stock,  nor  does  the 
tame  European  guinea-pig  with  the  wild  ancestral  stock  of 
Brazil."  Where,  again,  is  the  proof  that  the  forms  of  dogs, 
known  to  be  mutually  reproductive,  are  all  sprung  from  one 
common  ancestry  ?  The  balance  of  evidence  rather  shows 
"  that  in  various  parts  of  the  world,  and  at  various  periodsi 
wild  species  of  the  genus  Canis  have  been  domesticated,  of 
which  the  crosses  produce  fertile  progeny  to  an  extent 
almost  unlimited."  The  orthodox  zoologists  of  the  schools 
of  Linnseus  and  Cuvier  thus  reasoned  in  a  circle,  proclaim^ 
ing  that  "  forms  belong  to  the  same  species,  because  they 
may  be  fruitfully  crossed,  and  because  they  may  be  fruitfully 
crossed  they  belong  to  the  same  species ;  and,  on  the  other 
hand,  because  such  and  such  forms,  when  crossed,  produce 
tio  fertile  progeny,  they  constitute  different  species,  and 
because  they  are  different  species,  they  generate  no  fertile 
offspring." 

Nor  was  the  morphological  test  more  happy.  To  decide 
what  variations  of  form  indicated  mere  "  sports,"  sub-species, 
and  varieties,  and  what,  on  the  other  hand,  were  grave  and 
persistent  enough  to  constitute  species,  was  left  to  the  tadl 
or  the  prepossessions  of  each  systematist.  The  results  were 
as  discordant  as  might  be  expected.    Thus,  taking  the  true 

*  That  of  the  malci  It  has  since  been  established  that  the  hare  and  the 
rabbit,  two  specieo  quite  as  distind  as  the  horse  and  the  ass,  are  capable  of 
producing  offspring  which,  after  many  generations,  show  no  decline  in  fer- 
tility. Among  birds*  fruitful  hybrids  are  known  to  be  produced  both  amongst 
the  warblers  and  the  gallinaceous  tribe. 
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Geotrupidae  found  in  Britain,,  some  entomologists  resolve 
them  into  ten  species,  and  others  only  into  two. 

Pages  might  be  filled  with  cases  where  certain  forms  have 
been  classified  as  distindl  species,  till  the  discovery  of  a 
series  of  intermediate  individuals  has  reduced  them  to  one. 
Haeckel  points  out  that  the  calcareous  sponges  may  be 
either  comprised  under  one  species,  or,  with  equal  justice, 
divided  into  591.  Certain  charadleristics  are  supposed 
sufficient  to  prove  specific  diversity  among  the  true  cats,* 
whilst  in  the  genus  homo  more  essential  features  are  held, 
merely  to  indicate  "  varieties  "  or  "  races." 

The  stern  Jogic  of  fadls,  therefore,  compels  us  to  admit 
that  "species"  is  not  capable  of  rigid  definition;  that  be- 
tween it  and  "race,"  or  "variety,"  there  is  no  absolute 
demarcation,  the  one  passing  by  insensible  gradations  into 
the  other ;  the  one  as  well  as  the  other  signifying  merely  a 
group  of  beings,  simultaneous  or  successive,  which  resemble 
each  other  more  closely  than  they  resemble  anything  else. 
Yet  this  ill-defined  something  the  old  school  call  upon  us  to 
admit  as,  in  its  essence,  immutable  I 

It  is  still  urged  that  vague,  indefinable,  and  subjective 
as  the  idea  of  a  species  may  be,  we  have  never  witnessed 
one  species  a<5tually  transmuted  into  another.  This  objec* 
tion  is,  however,  little  better  than  irrational.  An  ephe- 
meron  may  never  have  witnessed  the  evolution  of  the  frog 
from  the  tadpole.  Is  the  change  the  less  real  on  that 
account?  When  we  shall  be  able  to  compare  series  of 
specimens,  anatomical  preparations,  and  carefully-executed 
photographs  of  animal  species  extending  at  least  over  a  few 
thousand  years,  it  will  be  quite  early  enough  to  raise  this  point. 
To  draw  any  conclusion  from  the  identity  of  the  domestic 
animals  as  preserved  in  Egyptian  mummies  or  figured  on 
Egyptian  monuments,  with  the  same  species  as  now  found 
in  modem  Europe,  is  presumptuous  in  the  extreme. 

But  the  question  may  be  retorted :  who  has  ever  known 
any  organic  being  produced  by  the  alternative  method,  a 
diredl  and  immediate  a(5t  of  special  creation  ?  The  stone 
record  tells  us  of  species  that  have  disappeared,  and  of 
others  that  sprung  up  in  their  stead.  Have  the  latter 
arisen  in  full  maturity  from  the  ground,  or  been  condensed 

*  The  domestic  cat  occasionally  exhibits  all  the  range  of  colour  and  design 
found  in  the  genus  Felis,  exclusive  of  the  Lynxes.  We  find  concolorous  indi- 
viduals reminding  us  of  the  lion,  puma,  and  black  tiger;  others  with  vertical, 
tiger-like  stripes ;  others,  again,  with  the  cloudings  of  the  ocelot,  and  others 
with  bands  of  spots  closely  resembling  those  of  the  leopard.  If  irregular 
crossing  were  prevented,  there  can  be  little  doubt  but  each  of  these  types 
could  be  distindly  developed. 
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from  the  air,  fitted  up  by  a  Deus  quidam  deceptor,  with  Mr. 
Gosse's  dfifoKoci  The  individual  animal  is  evolved  according 
to  unvar^'ing  law  from  antecedent  animals,  at  first  as  a 
simple  and  rudimentary  cell,  but  gradually  becoming  differ- 
entiated and  individuated  as  a  complex  and  separate  being. 
Does  not  analogy  indicate  that  such,  too,  must  have  been 
the  origin  of  the  groups  we  call  species  ?  Astronomy, 
physics,  chemistry,  can  dispense  with  miracle ;  zoology  and 
botany  must  prepare  to  do  the  same  if  they  are  to  be  recog- 
nised as  sciences  at  all. 

Turning  from  general  considerations  to  individual  cases, 
let  us  take  the  following  evidence : — "  In  the  whole  series 
of  strata,"  says  Hilgendorf,  "  the  varieties  of  planorbis  mul- 
tifomUs  are  distributed  in  such  a  manner  that  individual 
layers  are  chara<5terised  as  successive  strata,  by  the  exclu- 
sive recurrence  or  by  the  predominance  of  single  or  several 
varieties,  which,  within  the  layer,  remain  constant,  or 
slightly  variable,  but  towards  the  limits  of  the  next  layer, 
lead  by  transitions  towards  the  succeeding  forms.  The  in- 
termediate layers  furnish  evidence  that  the  other  forms 
originated  by  gradual  metamorphosis  from  the  earlier  ones ; 
they,  moreover,  render  it  possible  to  range  form  to  form,  and 
to  trace  the  evolution  backwards ;  hence  it  becomes  mani- 
fest that,  what  above  seemed  distinctly  divided  meets  below." 
**  The  forms  diverge  so  greatly,"  adds  Professor  Schmidt  in 
comment,  ''and  are  so  constant  in  the  main  zones,  which 
tell  of  periods  of  repose,  that  in  accordance  with  old  con- 
chological  practice,  they  would  be  unreservedly  claimed  as 
species  if  the  connecting  links,  were  not  too  conspicuous,'* 

Finding  such  connedling-links — such  plain  evidence  of 
continuous  evolution  in  case  of  animals  which,  like  the 
shell-bearing  mollusca,  have  a  charadteristic  portion  of  their 
8tru(5lure  composed  of  somewhat  permanent  materials — is  it 
too  much  if  we  infer  that,  were  the  stone  record  undamaged, 
and  were  all  animals  equally  imperishable,  a  like  continuity 
would  meet  us  in  every  group  ? 

Turning  to  species  still  existent : — "  Who  that  has  read 
the  comprehensive  investigations  of  H.  MtlUer  can  doubt 
that  the  honey-bee,  as  it  gradually  attained  its  bodily  advan- 
tages and  peculiarities,  developed  likewise  the  higher  mental 
powers,  corresponding  with  the  more  minute  and  complex 
organism  of  her  brain  ?"  Or,  again,  look  at  the  Ancon  sheep 
— a  mere  variety,  commonly  so  called  by  those  who  refuse  to 
see  that  between  species  and  variety  no  valid  line  of  separa- 
tion can  be  drawn.  Yet  had  this  mere  variety  been  placed 
in  sole  occupation  of  some  country  where  it   might  have 
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multiplied  undisturbed,  there  is  no  doubt  that  in  the  course 
of  ages  it  would  have  reached  a  point  at  which  it  would  no 
longer  have  been  capable  of  produd^ive  intercourse  with  the 
original  stock,  as  we  have  seen  is  the  case  with  the  tame 
guinea-pig.  Let  us  then  suppose  that  its  habitat  had  been 
visited  by  Cuvier  and  a  band  of  his  disciples.  Unless  spe- 
cially informed  of  its  origin,  would  not  these  sages  calmly 
note  it  down  as  a  "  good  species  ?" 

The  origin  of  parasites,  internal  and  external,  has  long 
been  a  stumbling  block  to  naturalists.  Were  these  beings 
created  simultaneously  with  the  species  they  infest,  or  have 
they  been  produced  by  some  subsequent  miracle?  Such 
were  the  questions  asked  by  the  old  school.  It  was  admitted 
that  these  vermin  are  not  now  found  living  otherwise  than 
parasitically ;  that  their  present  structure  unfits  them  for  an 
independent  life,  and  that  many  of  them  are  peculiar  to  some 
one  particular  animal,  or  even  to  some  part  of  an  animal. 
They  were  the  betes  noires  of  teleologists,  none  of  whom,  we 
believe,  has  yet  made  the  tape-worm  or  the  Trichina  the 
subjedl  of  an  extra  Bridgewater  Treatise.  But  in  the  light 
of  the  doftrine  of  evolution  the  difficulty  vanishes.  In 
successive  generations  these  animals  have  become  gradually 
modified  to  the  places  they  inhabit  and  the  parts  they  play ; 
so  that  to  trace  what  were  their  original  forms  and  attributes 
may  now  be  beyond  the  reach  of  the  human  intelleft.  Do 
not  similar  considerations — the  gradual  modification  of 
certain  low  organisms,  animal  or  vegetable,  or,  perhaps, 
doubtful — explain  the  origin  of  such  diseases  as  rabies, 
syphilis,  and  variola,  which  in  our  days  never  occur  except 
in  consequence  of  transmission  from  one  animal  to  another, 
and  which  we  cannot  conceive  as  primordial  ? 

We  are  thus  naturally  led  to  one  of  the  cardinal  doArines 
of  the  old  Natural  History.  Who  of  us  entomologists,  when 
curiously  examining  some  specimen,  has  not  been  accosted, 
perhaps  by  a  child,  perhaps  by  a  grown-up  outsider,  with 
the  question :  **  What  is  the  use  of  that  creature,  and 
to  what  end  was  it  made  ?  "  On  our  replying,  as  might 
often  be  the  case,  that  to  the  best  of  our  belief  and  know- 
ledge it  was  of  no  use  at  all,  but  decidedly  pernicious,  have 
we  not  been  told  that  "  every  living  thing  was  made  for 
some  good  end  ?  '*  This  dodlrine  is  somewhat  inconsistent 
in  the  mouths  of  sparrow-  and  rook-shooting  farmers,  aphis 
and  red-spider-poisoning  gardeners,  and  a  very  large  majority 
.  of  the  human  race.  It  is,  too,  decidedly  obscure.  Are  all 
animals  useful  to  man,  or  to  the  universe  at  large  ?  If  we 
tpike  the  former  view,  we  shall  generally  have  to  strike 
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a  balance  between  the  good  and  ill  deeds  of  a  species,  and 
shall  very  often  find  the  latter  preponderate.  Even  the 
Rev.  J.  G.  Wood  confesses  himself  unable  to  "make  out 
a  case  "  in  favour  of  the  earwig.  If  we  attempt  to  prove  all 
species  beneficial  to  the  universe  at  large,  our  difficulties 
become  still  greater.  But  the  new  Natural  History  solves 
these  enigmas.  It  shows  us  that  an  animal  exists,  not 
because  it  is  beneficial  to  man,  or  because  it  is  an  integral 
and  necessary,  though  minute,  part  of  some  vast  mechanism, 
but  because  it  is  in  harmony  with  the  conditions  in  which  it 
is  placed.  The  house-fly  lives  and  multiplies,  neither  to 
scavenge  our  dwellings,  nor  to  propagate  disease  by  con- 
veying putrescent  and  morbific  matter  to  our  food  and  our 
persons,  but  because  it  so  far  has  come  off  vidtorious  in  the 
struggle  for  existence.  The  burying-beetle,  which  is  a  far 
better  scavenger,  and  which  does  not  distribute  zymotic 
poisons,  is  rare,  and  becomes  rarer,  because  the  conditions 
under  which  it  can  multiply  are  less  easily  met  with. 

Another  dodlrine  of  the  old  school,  now  in  the  course  of 
rapid  decomposition,  is  that  the  fauna  and  flora  of  every 
distridt  are  perfectly  adapted  to  the  climate,  soil,  and 
other  conditions  of  that  distrifl.  So  far  is  this  view  from 
according  with  fadts,  that  we  very  often  find  a  foreign  plant 
or  animal,  on  introduction  into  a  countiy,  flourish  with  such 
luxuriance  as  to  interfere  with,  and  even  extirpate,  certain 
native  species.  That  such  should  be  the  case  is  perfectly 
conceivable  to  a  Darwinian,  and  as  perfectly  inconceivable 
to  the  opponents  of  the  do<^rine  of  Evolution. 

Professor  Schmidt  is  one  of  the  most  consistent  and 
thorough-going  of  his  school.  Like  Messrs.  Darwin  and 
Haeckel,  but  unlike  Messrs.  Wallace,  Henslow,  Murphy,  &c., 
he  does  not  stop  short  at  the  anthropoid  apes,  but  embraces 
man  also  in  his  deductions.  But  he  differs  from  Darwin  at 
the  opposite  end  of  the  series — the  first  beginning  of  life. 
Here  we  would  wish,  without  advocating,  briefly  to  expound 
his  views.  He  quotes  from  Du  Bois-Reymond  this  passage : 
"  It  is  once  for  all  incomprehensible  how,  to  a  mass  of 
molecules  of  nitrogen,  oxygen,  carbon,  hydrogen,  phosphorus, 
and  so  on,  it  can  be  otherwise  than  indifferent  how  they  lie 
or  move ;  here,  therefore,  is  the  other  limit  to  the  knowledge 
of  natural  science — the  former  limit  being  the  incompre- 
hensibility of  matter  and  motion.  Whether  the  two  limits 
to  natural  science  are  not,  perchance,  identical,  it  is, 
moreover,  impossible  to  determine."  Professor  Schmidt 
then  adds :  ''  In  these  last  words  the  possibility  is  indicated 
that  consciousness  may  be  an  attribute  of  matter,  or  may 
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appertain  to  the  nature  of  atoms.  And  we  may  add  that 
the  attempt  has  of  late  been  repeatedly  made  to  generalise 
the  sensory  process,  and  to  demonstrate  it  to  be  the 
universal  charadteristic  of  matter,  as  by  von  ZoUner,  in  his 
work  on  the  Nature  of  Comets.  .  .  .  We  must  either 
renounce  the  possibility  of  comprehending  the  phenomena 
of  sensation  in  the  organism,  or  ^  hypothetically  add  to  the 
universal  attributes  of  matter,  one  which  would  cause  the 
simplest  and  most  elementary  operations  of  nature  to  be 
combined,  in  the  same  ratio,  with  a  process  of  sensation.' " 
In  the  lower  animals  the  phenomena  of  life  assume  a  more 
vegetal  charafter;  and  in  many  groups  of  lower  beings, 
which  Haeckel  has  recently  comprised  under  the  name 
protista,  we  see  the  processes  of  metamorphosis  of  tissue, 
nutrition,  and  reproduction  taking  place  indeed,  but  in  a 
manner  so  simple  and  undifferentiated,  that  we  must 
attribute  to  these  beings  a  neutral  position  between  plants 
and  animals.  We  gain  the  convi(5tion  that  the  roots  of  the 
vegetal  and  animal  kingdoms  are  not  completely  sundered ; 
but,  to  continue  the  simile,  merge  imperceptibly  into  each 
other  by  means  of  a  connective  tissue.  In  this  intermediate 
kingdom  the  much  derided  primordial  slime  of  the  natural 
philosophers^  has  regained  its  honourable  position.  Many 
thousand  cubic  miles  of  the  sea-bottom  consist  of  a  slime  or 
mud,  composed  in  part  of  manifestly  earthy  inorganic 
portions,  in  part  of  peculiarly  formed  chalk  corpuscles ;  and 
finally,  which  is  the  main  point,  of  an  albuminous  substance 
which  is  alive.  This  living  slime,  the  So-called  Bathybius, 
does  not  even  exhibit  individuality,  or  the  definiteness  of  a 
separate  existence;  it  resembles  the  amorphous  mineral 
substances,  each  part  of  which  bears  the  charadleristics  of 

the  whole It  is  only  with  great  exertion  that  we 

are  able  to  accommodate  ourselves  to  the  idea  of  a  living 
mass,  either  absolutely  formless  and  undefined,  or  defined 
arbitrarily  and  accidentally." 

We  are  far  from  desiring  to  encounter  speculations  like 
the  above  with  ridicule.  But  before  they  are  accepted  they 
must  undergo  a  verification,  which  must  be  left  as  a  difficult 
and  splendid  task  for  posterity. 

We  are  thus  naturally  brought  face  to  face  with  the 
question  to  which  Dr.  Bastian  has  long  devoted  his  atten- 
tion, the  Origin  of  Life. 

It  was  once  supposed,  both  by  the  learned  and  the  vulgar, 

*  The  German  "  Naturphllosophen/*  as  applied  to  a  certain  school  of 
thinkers,  does  not  correspond  to  our  **  natural  philosophers.**  Pbysiophi- 
losophert,  or  philosophers  of  nature,  might  be  the  best  rendering. 
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that  animals  were  occasionally  produced  without  parents,  in 
the  way  known  as  "  equivocal  "  or  "  spontaneous  "  genera- 
tion. Virgil's  recipe  for  producing  a  swarm  of  bees  out  of 
the  carcase  of  a  bull  is  a  curious  relic  of  this  belief — the 
more  valuable  from  the  light  it  throws  on  the  habits  of 
thought  prevalent  among  men  of  culture  in  the  palmiest 
days  of  classic  antiquity.  In  the  dark  ages,  inserts,  reptiles, 
and  the  like,  were  supposed  to  originate  spontaneously  from 
putrefying  organic  matter  and  mud,  or  to  be  called  into 
existence  by  the  malice  of  witches.  Rosel,  in  his  quaint 
**  Insekten-Belustigungen  "  and  Swammerdam,  in  the  "Biblia 
Naturae,"  were  at  great  pains  in  refuting  this  view  by  tracing 
beetles,  butterflies,  &c.,  from  the  egg,  through  the  larva  and 
pupa  to  the  perfedl  state.  By  degrees  the  dodtrine  "  omne 
vivum  ex  ovo  "  was  established  as  the  orthodox  confession  of 
the  scientific  world.  Even  the  lowest  types  of  animal  and 
vegetable  life  were  proclaimed,  on  experimental  evidence^ 
incapable  of  originating  except  from  pre-existing  germs,  no 
matter  how  favourable  the  circumstances.  Professor  Lister 
declares  that  ''  the  dodlrine  of  equivocal  generation  has 
been  chased  successively  to  lower  and  lower  stations  in  the 
world  of  organised  beings,  as  our  means  of  investigation 
have  improved."  Mr.  Justice  Grove,  in  his  presidential 
address  at  the  meeting  of  the  British  Association,  in  1866, 
observes  that,  ''  if  some  apparent  exceptions  still  exist,  they 
are  of  the  lowest  and  simplest  forms."  The  experiments  of 
Pasteur,  who  has  taken  up  this  question  more  in  the  spirit 
of  a  political  or  theological  partizan  than  that  of  a  phi- 
losopher, are  generally  supposed  conclusive  as  against  the 
dodlrine  of  abiogenesis.  The  dodtrine  of  Descent  has  led 
to  a  re-examination  of  the  question.  It  must  not,  indeed, 
be  supposed  that  a  belief  in  Evolution  necessarily  implies 
the  admission  of  equivocal  generation.  Darwin  himself,  as 
we  have  stated  above,  seems  to  contend  that,  though 
organic  life  being  once  enkindled  upon  our  globe,  its 
development  and  extension  follow  according  to  natural 
laws,  yet  that  its  origin  may  have  been  due  to  the  dire<5t 
intervention  of  creative  power — in  other  words,  to  miracle. 
Sir  W.  Thomson  derives  the  first  rudiments  of  life  from 
*'  a  moss  covered  fragment  of  another  world," — a  solution, 
or  rather  evasion,  of  the  difficulty,  the  weakness  of  which 
has  not  escaped  the  notice  of  anti-evolutionists.  Professor 
Huxley,  whilst  denying  that  life  ever  originates  from  lifeless 
matter  at  present,  holds  that  were  it  given  him  "  to  look 
beyond  the  abyss  of  geologically  recorded  time,"  he  might 
then    indeed    ^'  be   a   witness   to  the  evolution  of  living 
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protoplasm  from  non-living  matter."  These  admissions  show 
that,  consistently  or  not,  abiogenesis  is  not  the  universal 
creed  of  evolutionists.  On  the  other  hand,  it  must  be 
conceded  that,  if  eqqivocal  generation  is  once  demonstrated, 
the  opponents  of  Darwinism  have  no  longer  a  cause  to 
defend.  Heterogenesis — the  transformation  of  organisms 
already  existing — is  conceivable  without  abiogenesis,  but 
abiogenesis  necessarily  involves  heterogenesis. 

Under  these  circumstances  it  is  highly  desirable  that  the 
question  should  receive  the  fullest  attention,  and  be  decided, 
if  capable  of  decision,  in  a  manner  which  will  admit  of  no 
appeal. 

Towards  this  final  solution,  Dr.  Bastian  furnishes  an 
important  contribution  in  the  work  before  us.  He  describes 
the  following  experiments,  which  we  are  bound  to  pronounce 
most  significant. 

Experiment  I. — A  strong  infusion  of  turnip  was  rendered 
faintly  alkaline  by  liquor  potassce,  and  to  this  a  few  separate 
muscular  fibres  of  a  cod-fish  were  added.  Some  of  this  mix- 
ture was  introduced  into  a  flask  of  nearly  two  ounces  capacity. 
Its  neck  was  drawn  out  and  afterwards  hermetically  sealed 
by  the  blowpipe  flame,  while  the  fluid  within  was  boiling. 
When  thus  closed  the  flask  was  about  half  full  of  fluid.  It 
was  then  introduced  into  a  digester,  which  was  gradually 
heated,  and  afterwards  kept  at  a  temperature  of  270°  to 
275**  F.  for  twenty  minutes,  though  it  seems  well  to  point 
out  that,  if  we  include  the  time  taken  for  the  water  of  the 
digester  (in  which  the  closed  flask  was  immersed)  to  attain 
this  heat,  and  also  again  to  cool  down  to  230°  F. ;  this  flask 
was  exposed  to  temperatures  above  230°  F.  for  one  hour,  as 
I  myself  carefully  noted  at  the  time-  When  withdrawn 
from  the  digester  the  closed  flask  was  kept  at  a  temperature 
of  70°  to  80°  F.  for  eight  weeks,  and  during  part  of  this  time 
it  was  exposed  to  diredt  sunlight.  After  it  had  been  ascer- 
tained that  the  flask  was  free  from  all  crack  or  fault,  its 
neck  was  broken  in  order  that  its.  contents  might  be 
examined.  The  reaction  of  the  fluid  was  found  to  have 
become  decidedly  acid,  and  it  had  a  sour  though  not  foetid 
odour.  The  fluid  was  very  slightly  turbid,  and  there  was  a 
well-marked  sediment,  consisting  of  reddish  fragments  and 
a  light  flocculent  deposit.  On  microscopical  examination 
the  fragments  were  found  to  be  portions  of  altered  muscular 
fibre,  whilst  the  flocculent  deposit  was  composed  for  the 
most  part  of  granular  aggregations  of  Badteria.  In  the 
portions  of  fluid  and  of  deposit  which  were  examined,  there 
were  thousands  of  Badleria  of  most  diverse  shapes  and  sizes. 
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either  separate  or  aggregated  into  flakes.  There  were  also 
a  large  number  of  monilated  chains  of  various  lengths,  of  a 
kind  frequently  met  with  in  abscesses  and  other  situations 
where  pyasmia  or  low  typhoid  states  of  the  system  exist  in 
the  human  subjeft.  There  where,  in  addition,  a  large  number 
of  Torula  corpuscles,  as  well  as  of  brownish  nucleated  spore- 
like bodies,  gradually  increasing  in  size  from  mere  specks, 
about  l-30,oooth  up  to  i-25ooth  of  an  inch  in  diameter. 
Lastly,  there  was  a  small  quantity  of  a  mycelial  Fungus 
filament,  bearing  short  lateral  branches,  most  of  which  were 
capped  by  a  single  spore-like  body." 

Here,  therefore,  both  animal  and  vegetal  organisms  make 
their  appearance.  The  second  experiment  is  not  less  con- 
clusive : — 

**  A  strong  infusion  of  common  cress,  to  which  a  few  of  the 
leaves  and  stalks  of  the  plant  were  added,  was  enclosed  in 
a  hermetically-sealed  flask  in  the  same  way,  heated  in  the 
digester  at  the  same  time  (and  therefore  to  the  same  tem- 
perature), and  was  subsequently  exposed  to  the  influence  of 
the  same  conditions  as  already  mentioned  in  connedlion 
with  the  last  experiment.  This  flask  was,  however,  opened 
one  week  later.  Before  breaking  the  neck  of  the  flask,  the 
inbending  of  the  glass  under  the  blowpipe  flame  showed 
that  it  was  still  hermetically  sealed.  The  reaction  of  the 
fluid  was  distindlly  acid,  though  there  was  no  notable 
odour.  The  fluid  itself  was  tolerably  clear  and  free  from 
scum,  but  there  was  a  dirty-looking  flocculent  at  the  bottom 
of  the  flask.  On  microscopical  examination  much  altered 
chlorophyll  existed,  either  dispersed  or  aggregated  amongst 
the  other  granular  matter  of  the  sediment,  and  amongst 
this  three  minute  and  delicate  Protamceba  were  seen,  varying 
in  form,  and  creeping  with  moderately  rapid  slug-like  move- 
ments. In  the  same  drop  of  fluid  more  than  a  dozen  very 
adlive  monads  were  seen,  each  provided  with  a  long, 
rapidly-moving  lash*  There  were  also  several  unjointed 
Bacteria,  presenting  most  rapid  progressive  movements. 
Many  Torula  corpuscles  and  other  fungus  spores  also  ex- 
isted, as  well  as  portions  of  a  mycelial  fllament,  containing 
equal  segments  of  colourless  protoplasm  within  its  thin  in- 
vesting membrane." 

We  especially  call  attention  to  the  following  sequel  :-^ 
*'  Adrop  of  the  fluid  containing  several  of  these  adlive  monads 
was  placed  for  about  five  minutes  on  a  glass  slip  in  a  water- 
oven,  maintained  at  a  temperature  of  140°  F.  Allthemovc'^ 
ments  of  the  monads  ceased  from  this  time,  and  they  never  after* 
wards  showed  any  signs  of  life4^ 
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These  experiments,  which,  as  the  author  informs  us,  "  are 
merely  two  seledled  from  several  others  in  which  even 
higher  temperatures,  were  originally  had  recourse  to  in  order 
to  free  the  fluids  and  flasks  generally  from  anything  like  a 
trace  of  living  matter,"  are  very  important.  If  we  would 
deny  that  in  such  cases  life  is  produced,  not  ex  ovo,  only  two 
courses  appear  to  be  open.  We  must  either — which  Dr. 
Bastian  himself  calls  "  the  shortest  way  out  of  the  difii- 
culty  " — deny  the  fadls,  or  we  must,  in  the  face  of  experi- 
ment, maintain  that  low  organic  forms,  or  their  germs,  can 
sustain  a  temperature  of  275°  "F.  without  injury.  This,  as 
far  as  we  are  aware,  has  not  yet  been  accomplished.  On 
the  contrary,  numerous  diredt  experiments  prove  that  Bac^ 
teria  and  their  germs  "  are  uniformly  killed  by  an  exposure 
to  140®  F.  for  five  minutes."  Some  authorities  "  assume 
that  the  ipere  minuteness  of  the  germs  of  Bacteria  may  serve 
to  protedl  them  from  that  destruftive  influence  which  heat 
exerts  upon  living  matter  generally."  This  dodtrine,  we 
need  hardly  say,  has  not  the  shadow  of  a  fadl  in  its  favour. 
Not  less  baseless  is  the  notion  that  some  germs  may  escape 
the  destruftive  adlion  of  boiling  water  by  being  spurted 
out  of  the  fluid  on  to  the  sides  of  the  glass,  when  the  pro- 
cess of  boiling  commenced.  In  a  sealed  flask  this  is  utterly 
out  of  the  question,  since  every  part  of  the  interior  is  adted 
on  by  the  steam.  As  to  the  assumed  "  protective  adtion  of 
lumps,"  we  fail  to  see  its  validity.  No  matter  how  badly 
aoy  kind  of  organic  matter  may  conduct  heat,  a  tiny  par- 
ticle placed  in  a  relatively  large  quantity  of  boiling  water, 
and  kept  for  above  an  hour  at  temperatures  exceeding  212  F^., 
must  be  heated  through  and  through  to  a  point  utterly  in- 
consistent with  the  maintenance  of  organic  life. 

As  to  the  statements  made  by  travellers  concerning  living 
inse(5ts  found  in  hot  wells,  we  quite  agree  with  Max  Schultze 
and  Cohn  that  they  ought  to  be  received  with  extreme 
caution.  But  even  if  literally  correft,  they  prove  nothing. 
The  animals  found  in  such  situations  have  been  specially 
trained  to  withstand  extraordinary  temperatures  by  a  pro- 
cess of  natural  selection.  But  the  germs  of  Bacteria^  &c., 
about  which  Dr.  Bastian  argues,  have  undergone  no  such 
training.  The  author  calls  attention  to  a  very  interesting 
fa6t,  that  the  very  process  which  Pasteur  devised  for  the 
better  preservation  of  wines,  is  based  on  the  fadt  that  at 
temperatures  of  about  140°  F.  (60**  C.)  organic  germs  and 
spores,  ferments,  &c.,  are  destroyed ! 

Dr.  Bastian  deserves  great  credit  for  the  manner  in  which 
he   has  narrowed  the  issue.     Unless  we  can  detedl  some 
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fatal  flaw  in  his  experimental  evidence,  we  must,  perforce, 
admit  that  abiogenesis  is  not  merely  possible,  but  that  as 
regards  the  lowest  forms  of  organic  life,  it  is  a  matter  of 
daily  occurrence. 

We  must,  however,  point  out  that,  upon  the  first  dawn  of 
life  on  our  globe,  these  experiments,  interesting  as  they  are, 
throw  no  light  whatsoever.  They  all  involve  the  use  of 
matter,  which,  though  in  itself  lifeless,  is  the  result  of  ante- 
cedent life.  Such  matter  in  the  pnmordial  world  is,  by 
hypothesis,  absent.  To  solve  the  question,  it  will  be  ne- 
cessary to  prove  the  spontaneous  development  of  life  in 
purely  inorganic  matter. 

In  Professor  Schmidt's  work  we  notice  a  curious  mis- 
statement, which  we  can  only  attribute  to  an  oversight  in 
transcription.  We  read  : — "  If  throughout  the  great  family 
of  the  Coleoptera,  genera  and  species  are  to  be  found  with 
imperfedl  fl3'ing  apparatus,  consolidated  wing-covers,  &c., — 
if  the  whole  family  of  the  Staphylina  does  not  possess  the  organs 
of  flight,  no  one  dreams  of  considering  them  as  arrested 
forms."  Now  the  fadt  is,  that  the  majority  of  the  Staphy- 
linidae  have  large  and  powerful  wings,  and  use  them  some- 
times too  well  for  our  comfort.  Many  of  the  smaller  spe- 
cies fly  into  our  eyes  in  still,  warm,  autumnal  days,  and 
cause  exquisite  pain  by  their  habit  of  eredling  their  bristly 
abdomen. 

Another  curious  error  occurs  on  p.  53,  where  a  diagram 
is  described  as  representing  the  laiTa  of  the  "  great  black 
beetle  (Hydrophilus  piceus).'*  The  Hydrophilus  piceus  might 
be  called  a  "great  black  water-beetle,"  but  the  term 
*'  blackbeetle  "  is  in  England  unfortunately  applied  to  the 
cockroach  (Blatta  orientalis),  which  is  no  beetle  at  all,  but 
an  orthopterous  insedt. 

The  great  merit  of  Professor  Schmidt  is,  that  he  enables 
the  English  public  to  become  acquainted  with  the  results  of 
Haeckel,  Wagner,  Nageli,  Graber,  and  other  German  natu- 
ralists, who  have  so  ably  and  industriously  applied  the  doc- 
trines of  Darwin  in  adlual  zoological  research.  His  work 
will  be  further  useful  as  an  able  exposure  of  the  shadow- 
fighting  of  some  of  the  most  prominent  anti-Darwinians. 
"  A  renowned  zoologist,"  we  read,  "  one  of  the  few  who 
adhere  to  the  old  belief,  has  taken  the  useless  trouble  of 
proving  that  the  skull  of  the  orang  could  not  possibly  be 
transformed  into  the  human  head.  As  if  the  dodtrine  of 
Descent  had  ever  asserted  such  nonsense  !"  •  The  buffos  of 
the  platform,  the  press,  and  the  pulpit,  are  here  told — what 
they  ought    to  have   ascertained   previously — that  "  man 


202  Selenography  :  its  Past,  Present,  and  Future,     [April, 

does  not  stand  in  the  diredl  line  of  development  from  the 
^  t  /  a^e.  The  cheap  jest,  produced  with  so  much  glee,  of  in- 
'  '/  quiring  why  we  do  not  behold  the  interesting  spedlacle  of 
the  transformation  of  a  chimpanzee  into  a  man,  or  con- 
versely of  a  man  by  retrogression  into  an  orang,  merely 
testifies  the  crudest  ignorance  of  the  dodlrine  of  Descent." 

We  cannot  help  expressing  our  regret  that  England  and 
Germany  are  left  to  work  out  this  great  question  alone.  Is 
there  no  place  for  France,  once  the  home  of  philosophic 
zoology — the  country  of  Buflfon  and  Lamarck,  of  St. 
Hilaire  and  of  Blainville,  the  **  Cuvierivorous  ?"  Is  her 
''  official  science  "  fatally  smitten  with  alethophobia  ? 


V.    SELENOGRAPHY:    ITS    PAST,    PRESENT, 

AND    FUTURE. 

By  E.  Neison,  F.R.A.S.,  &c.,  &c. 

ELENOGRAPHY,  or  the  study  of  the  moon's  surface, 
may  be  said  to  have  been  commenced  by  Hevelius, 
the  celebrated  observer  of  Dantzic ;  for,  though 
earlier  astronomers  had  examined  the  moon,  and  there  had 
been  even  prior  to  the  discovery  of  the  telescope  much 
speculation  as  to  the  nature  of  the  surface,  yet  to  Hevelius 
are  due  the  first  systematic  observations  of  our  satellite's 
surface.  When  Hevelius  commenced  his  study  of  the 
details  of  the  moon's  surface,  the  subject  was  pra<5tically 
new  ;  Galileo  had  already,  it  is  true,  discovered  the  moon's 
libration  in  latitude,  and  understood  how  a  diurnal  or  paral- 
la(5tic  libration  must  also  ensue,  though  it  is  doubtful 
whether,  with  his  means,  it  could  have  been  detected ;  but 
his  lunar  observations,  like  those  of  Scheiner  and  others, 
were  too  imperfeft  to  be  of  any  value.  A  primary  and 
important  result  of  the  observations  made  at  Dantzic  was 
the  discovery  of  the  libration  in  longitude,  which  from  his 
far  more  accurate  observation  did  not  escape  Hevelius,  and 
which  he  explained  from  the  circumstance  that  the  moon 
from  its  uniform  rotation  on  its  axis  always  presented  the 
same  face  to  the  centre  of  its  orbit,  while  the  earth  was 
situated  at  one  of  the  foci.  Considering  the  optical  means 
then  at  the  disposal  of  Hevelius,  his  telescope  not  magnifying 
niore  than  forty  diameters,  the  completeness  and  general 
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accuracy  of  his  map  shows  the  great  care  and  success  with 
whiph  his  observations  were  made,  and  for  many  years  it 
remained  the  best  chart  of  the  moon  existing.  As  is  well 
known,  he  adopted  as  a  method  of  nomenclature,  a  system 
based  on  the  fancied  resemblance  between  the  lunar  and 
terrestrial  formations ;  whilst  from  estimating  the  distance 
within  the  dark  portion  of  the  moon,  that  the  summit  of  the 
peaks  remained  visible,  he  computed  that  some  of  the  lunar 
mountains  must  be  17,000  feet  high — a  very  coreft  estimate 
of  probably  the  Apennines,  the  mountains  measured. 

Four  years  after  the  publication  of  the  "  Selenographa  " 
of  Hevelius,  in  1647,  appeared  the  *'  Almagest "  of  Riccioli, 
of  Bologna,  containing  a  lunar  map,  less  perfe<5t  on  a  whole 
than  that  of  Hevelius,  but  still  a  very  creditable  result ;  and 
in  it  was  introduced  a  much  improved  system  of  nomen- 
clature, where  the  names  of  distinguished  astronomers  and 
mathematicians  were  introduced  in  place  of  the  feeble  ter- 
restial  analogies  of  Hevelius.  On  the  Continent  this  new 
system  met  with  general  acceptance,  and  has,  since  the  date 
of  Schroter's  observation,  entirely  superseded  the  earlier, 
though,  until  the  close  of  the  last  century,  it  was  still 
employed  in  England. 

Newton  turned  his  attention  to  the  subjeft  of  the  lunar 
librations,  and  in  a  letter  to  Mersenius,  in  1675,  amended 
Hevelius's  explanation  of  the  cause  of  the  lunar  libration  in 
longitude,  by  showing  it  was  a  necessary  sequence  of  the 
uniform  rotation  of  the  moon  on  its  axis,  in  the  same  time 
as  a  complete  revolution  in  its  orbit,  combined  with  the 
variable  motion  of  the  moon  in  its  orbit ;  but,  like  Hevelius, 
considered  the  axis  of  rotation  to  be  perpendicular  to  the 
plane  of  the  ecliptic.  Later,  Newton  also  showed  that,  as 
a  consequence  of  the  earth's  attraction  and  the  coincidence 
of  its  period  of  revolution  and  rotation,  the  moon  must  be 
elongated  in  a  direction  passing  through  the  centre  of  the 
earth  when  in  mean  libration,  which  was  the  cause  of  the 
moon  always  presenting  the  same  hemisphere  to  the  earth. 
From  this  spheroidal  form  of  the  moon,  Newton  pointed  out 
a  real  libration  of  the  moon  must  ensue  from  the  retarda- 
tion exerted  by  the  earth's  attradlion  to  the  longer  axis 
of  the  spheroid,  passing  from  a  line  directed  to  the  earth's 
centre,  though  compelled  to  do  so  by  the  libration  in 
longitude,  causing  thus  a  vibratory  motion  in  the  diredtion 
of  this  longer  axis. 

Selenography  received  its  next  advance  from  the  great 
astronomer  Dominic  Cassini,  who,  by  investigating  the 
known   conditions    affeAing  the   lunar    observations,   and 
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making  many  new  observations  during  a  period  of  twenty- 
two  years,  announced  in  1693  his  complete  theoretical 
solution  of  the  problem  of  the  lunar  libration,  and  showed 
the  peculiar  relation  between  the  nodes  of  the  moon's 
equator  and  orbit  on  the  ecliptic ;  so  that  planes  through 
the  moon's  centre,  parallel  to  the  planes  of  its  equator, 
orbit,  and  ecliptic,  intersect  one  another  on  the  same 
straight  line,  and  the  two  former  always  on  opposite  sides 
of  the  third — the  ascending  node  of  the  lunar  equator  being 
thus  coincident  with  the  descending  node  of  the  moon's 
orbit,  both  on  the  ecliptic.  Cassini  deduced  from  his  obser- 
vation the  value  2°  30'  for  the  inclination  of  the  lunar 
equator  to  the  ecliptic,  and  a  mean  value  of  5**  o'  for  the 
inclination  of  the  orbit  to  the  ecliptic,  thus  completing 
a  work  of  the  very  highest  importance  to  selenography. 

Cassini  also  published  in  1680  a  small  map  of  the  moon, 
some  20  inches  in  diameter,  containing  the  results  of  his 
earlier  observations,  but,  like  its  predecessors,  only  founded 
on  eye  estimates  of  the  positions  of  the  spots  ;  whilst  though, 
from  his  superior  optical  means,  it  was  more  complete,  than 
Hevelius's,  it  was  on  a  whole  not  more  accurate,  and  for 
a  considerable  period  remained  little  known. 

In  1748  Tobias  Mayer,  the  celebrated  mathematician  and 
astronomer  of  Gottingen,  as  part  of  his  researches  on  the 
moon,  investigated  the  problem  of  the  lunar  librations,  and 
by  determining  the  difference  in  right  ascension  and  decli- 
nation between  the  apparent  centre  of  the  moon  and  the 
lunar  spots  Manilius,  Dionysius,  and  Censorinus,  obtained 
material  for  ascertaining  how  far  Dominic  Cassini's  theory 
of  libration  agreed  with  observations.  By  the  middle  of 
1849  Mayer  had  obtained  27  measures  of  Manilius,  9  of 
Dionysius,  and  12  of  Censorinus ;  and  in  a  memoir  in  the 
volume  for  1750  of  the  "  Societe  Cosmagraphique,"  of 
Nuremburg,  by  employing  equations  of  condition,  showed 
that  the  inclination  of  the  moon's  equator  to  the  ecliptic  was 
1°  29',  and  that  sensibly  Cassini's  theory  was  corredl,  though 
he  found  a  slight  difference  between  the  positions  of  the 
nodes  of  the  lunar  equator  and  orbit,  which  he  made  3^45' 
apart,  a  result  sufficiently  small  to  indicate  that  its  origin  was 
in  the  errors  of  observation. 

Mayer  had  intended  to  form  a  complete  map  of  the  moon 
in  25  seftions,  and  with  this  view  made  a  series  of  47  ad- 
ditional measures  of  21  lunar  spots,  besides  those  already 
mentioned ;  whilst  he  determined  the  position  of  63  other 
formations  by  careful  estimates,  in  which  he  excelled,  of 
their  distance  from  the  measured  objedls.     From  the  few 


i875']     Selenography  :  its  Past,  Present,  and  Future.  205 

measures  of  each  spot  made,  the  positions  of  all  except 
8  were  only  approximate,  the  average  error  being  about  one 
degree.  Pressure  of  other  engagements,  especially  his  lunar 
tables,  and  his  early  death  in  1762,  prevented  his  carrying 
out  his  intentions,  but  in  1775,  amongst  his  **  Opera 
Inedita,"  was  published  a  small  map  8  inches  in  diameter, 
founded  on  his  measures,  which  remained  for  many  years  the 
best  lunar  map,  and  was  employed  by  Schroter. 

From  a  consideration  of  careful  micrometrical  measures 
of  the  position  of  Manilius  on  three  occasions,  in  Odtober, 
1763,  Lalande  obtained  for  the  value  of  the  inclination  of 
the  moon's  equator  to  the  ecliptic  1°  43',  which  he  regarded 
as  exadt,  though  founded  on  so  few  measures ;  whilst  he 
regarded  his  results  as  showing  the  coincidence  between  the 
nodes  of  the  lunar  equator  and  orbit,  as  demanded  by 
Cassini's  theory  of  the  moon's  librations. 

From  its  interest  and  importance  the  question  was 
attacked  theoretically  by  Lagrange,  in  an  important  memoir 
in  1764,  where,  by  an  analytical  investigation,  it  was  shown 
that  the  equality  of  the  periods  of  the  lunar  rotation  and 
orbital  revolution  was  a  necessary  consequence  of  the 
earth's  attraction  ;  and  further  pointing  out  that  the  earth's 
influence  was  capable  of  producing  this  equality,  even  had  it 
not  originally  existed.  Later,  in  1780,  Lagrange  showed 
that  the  coincidence  between  the  nodes  of  the  moon's 
equator  and  orbit  involved  in  Cassini's  theory  of  its  libration 
was  a  necessary  sequence  of  the  earth's  attraction.  It 
also  was  pointed  out  by  Lagrange  that  the  moon's  form  must 
be  that  of  an  ellipsoid  whose  shortest  axis  was  its  polar 
axis  and  longest  axis  direcfted  towards  the  earth's  centre. 

During  the  period  1784 — 1802,  Schroter,  of  Lienthal,  in 
Hanover,  with  powerful  reflecting  telescopes,  made  many 
observations  of  the  moon's  surface,  which  he  was  the  first  to 
examine  in  detail,  and  he  obtained  what  he  believed  to  be 
proof  of  the  existence  of  a  lunar  atmosphere  and  of  aCtive 
volcanic  changes.  Though  many  of  Schroter's  observations 
were  important,  and  his  drawings,  though  rough  and 
wanting  in  detail,  are  faithful,  he  took  insufficient  precau- 
tions against  changes  produced  in  the  appearance  of  lunar 
objects  by  variation  of  libration  and  illumination,  which 
were,  indeed,  then  little  understood ;  consequently,  many 
of  his  supposed  changes  and  evidences  of  an  atmosphere 
have  been  shown  to  be  fallacious,  and  have  involved  the 
rest  in  perhaps  undeserved  discredit.  The  results  of 
Schroter's  observations  were  published  in  his  "  Selenotopo- 
graphische  Fragmente,"  the  first  volume  appearing  in  1791 
and  the  second  in  1802. 
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About  the  commencement  of  the  present  century,  the 
theoretical  results  obtained  by  Lagrange,  with  respedl  to 
the  lunar  librations,  were  confirmed  by  a  full  investiga^* 
tion  of  Laplace,  who  showed,  moreover,  that  the  lunar  secu-* 
lar  inequalities  were  without  influence  on  the  relation 
between  the  periods  of  rotation  and  orbital  revolu- 
tion, and  the  nodes  of  the  lunar  equator  and  orbit.  Later^ 
the  theoretical  investigation  of  this  question  was  completed 
by  Poisson,  who  showed  that  some  minor  inequalities  of  the 
second  order,  affedting  the  lunar  elements  negledled  by 
Lagrange,  were  likewise  without  influence  on  the  above 
relations. 

As  already  mentioned,  owing  to  the  ellipsoidal  form  of  the 
moon,  a  real  libration  must  ensue  from  the  vibratory  motion 
of  the  longer  axis  of  the  moon,  due  to  the  endeavour  of  the 
earth's  attraction  to  keep  it  directed  towards  the  earth*» 
centre;  whilst  the  causes  producing  the  moon's  optical 
libration  carried  it  on  alternate  sides  of  this  direction. 
Laplace  and  Poisson  both  investigated  the  condition  of  this 
real  libration,  whose  amount  depended  on  the  mutual  rela- 
tions existing  between  the  lunar  axes,  and  from  which  it 
appeared  that,  though  all  the  inequalities  in  the  true 
longitude  and  latitude  of  the  moon  must  produce  an  efFedl 
on  the  moon,  yet  all  these  would  be  insensible,  except  in  the 
case  of  those  inequalities  known  as  the  annual  equation  and 
the  equation  of  the  centre,  both  of  whom  might  be  expefted 
from  the  probably  theoretical  form  of  the  moon  to  produce 
perhaps  sensible  real  librations  in  longitude,  though  the 
latter  could  not  amount  to  one-fifth  of  the  former. 

At  the  desire  of  Laplace,  Bouvard  and  Arago,  in  1806, 
undertook  the  investigation  of  this  point,  to  detedt,  if  pos- 
sible, this  theoretical  real  libration,  and  made  during  that 
year  18  observations  of  the  position  of  the  lunar  spot  Ma- 
nilius,  but  their  plans  were  interrupted  by  other  work. 
Bouvard,  two  years  after,  renewed  his  work,  and  between 
September,  i8o8,'  and  Odtober,  1810,  obtained  124  measures 
of  the  position  of  Manilius.  Employing  these  observations 
as  a  basis,  Nicollet,  in  1816-18,  undertook  the  investi- 
gation of  the  lunar  libration,  with  the  view  of  confirming 
by  observation  the  theor}'  of  libration,  and  detedting  any 
sensible  real  libration,  from  whose  amount  the  form  of  the 
moon  might  be  determined.  As  a  result  from  the  124  ob- 
servations made  by  Bouvard  during  1808-10,  Nicollet 
showed  the  distance  between  the  nodes  of  the  lunar  equator 
and  orbit  on  the  ecliptic  could  not  exceed  9'  19",  a  quantity 
so  far  within  the  errors  of  observation  as  to  show  its  origin 
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was  in  them,  thus  affording  a  complete  confirmation  of  the 
theory  of  libration  first  announced  by  Cassini,  and  shown  to 
be  theoretically  corredl  by  Lagrange,  Laplace,  and  Poisson. 
From  these  observations  Nicollet  also  deduced  that  there 
existed  a  real  libration  of  the  moon  in  longitude  corre- 
sponding to  the  annual  equation  in  the  lunar  theory,  and 
amounting  to  4'  46"  of  selenographical  longitude. 

With  a  view  of  further  improving  these  interesting  and 
important  results,  Nicollet  made  a  series  of  32  new  mea- 
sures of  the  position  of  Manilius  during  1819-20,  and 
combining  these  with  the  124  measures  formerly  employed, 
and  the  18  made  by  Arago  and  Bouvard  in  1806,  he  deter- 
mined that  the  maximum  real  libration  in  selenographical 
longitude  corresponding  to  the  annual  equation  in  the  lunar 
theory  amounted  to  4'  497",  and  the  figure  of  the  moon,  as 
deduced  from  this  value,  Nicollet  showed  was  inconsistent 
with  the  figure  of  equilibrium  it  would  have  possessed  had 
it  been  originally  fluid.  Poisson  pointed  out,  however, 
that  the  data  was  insufficient  for  the  rigid  determination  of 
this  point,  and  also  computed,  from  Nicollet's  results,  that 
the  real  libration  in  longitude  corresponding  to  the  moon's 
ecliptic  inequality,  only  amounted  at  a  maximum  to  39",  or 
less  than  one-fifth  of  a  second  of  arc. 

From  the  same  observations  Nicollet  deduced  the  value 
I**  28'  45"  for  the  inclination  of  the  lunar  equator  to  the 
ecliptic,  and  found  for  the  selenographical  position  of  the 
centre  of  Manilius  latitude  14°  26'  54",  longitude  S"  46'  56". 

These  results  were  in  the  highest  degree  interesting,  and 
possessed  no  small  importance,  but,  as  remarked  by  Nicollet, 
Bouvard's  optical  means  were  very  small,  and  it  was  very 
desirable  that  the  investigation  should  be  repeated  not  only 
with  far  more  powerful  instruments,  but  a  greater  number 
of  observations  be  employed. 

For  the  really  systematic  observation  of  the  lunar  surface, 
with  the  view  of  the  solution  of  the  many  interesting  and 
important  questions  connected  with  it,  the  accurate  deter- 
mination of  the  position  of  all  the  principal  formations  was 
essential,  as  by  no  other  means  could  the  identity  of  the 
various  obje(5ls  observed  at  different  times  be  ascertained, 
and  any  changes  that  might  occur  be  recognised.  Hitherto 
there  had,  however,  existed  no  data  on  which  to  found  a 
trustworthy  map  of  the  principal  features  of  the  lunar  sur- 
face ;  for  with  the  exception  of  some  eight  formations  whose 
position  had  been  fixed  by  Mayer,  and  the  very  accurate 
determination  by  Nicollet  and  Bouvard  of  the  place  of 
Manilius — one  of  them — all  the  other  formations  had  been 
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laid  down  by  pradlically  eye  estimations.  Measures  of  the 
position  of  the  principal  objedls  upon  the  moon  were  there- 
fore requisite  for  further  progress,  and  then  the  almost 
unknown  smaller  delait  could  be  properly  inserted. 

In  1824  appeared  Lohrmann's  "  Topographie  der  Sicht- 
baren  Mondoberflache,"  comprising  four  sedlions  of  what 
was  intended  to  be  a  complete  lunar  map,  37^  inches  in 
diameter,  divided  into  25  sedlions,  being  the  iirst  detailed 
lunar  chart  based  on  scientific  principles.  As  a  foundation, 
emplo}'ing  a* method  devised  by  Encke,  Lohrmann  made  a 
series  of  150  good  measures  with  a  parallel  wire  micro- 
meter, on  a  4I  inch  achromatic,  of  the  distance  of  21  spots 
from  the  limb,  all  the  objedls  being  within  the  area  of  his 
four  sedlions,  namely,  from  12**  east  to  38°  west  longitude, 
and  12'  south  to  37**  north  latitude.  Of  these  points  of  the 
first  order,  as  they  were  termed,  twelve,  whose  position  rested 
on  the  results  of  from  8  to  12  measures,  may  be  regarded  as 
determined  with  fair  accuracy,  five  based  on  from  five  to  seven 
observations  were  not  quite  so  satisfactory,  whilst  the  re- 
maining five  were  founded  on  too  few  measures  to  be  con^ 
sidered  of  much  value.  These  measured  positions  were, 
however,  far  too  few  for  the  great  area  that  rested  on  them, 
and  few,  if  any,  auxiliary  points  were  measured.  The 
sedlion  of  his  map,  based  on  these  results,  was,  however,  a 
great  improvement  on  all  former  charts,  and  constituted 
the  first  trustworthy  delineation  of  the  moon*s  surface ;  it 
was  therefore  unfortunate  that  failing  health  prevented  its 
ever  being  completed.  In  some  points,  however,  Lohr- 
mann's work  was  defedlive,asno  height  measures  were  made 
only  those  earlier  made  by  Schroter  with  imperfedl  means 
quoted,  and  few  formations  had  their  dimensions  measured. 

In  1837  appeared  Beer  and  Madler's  **  Der  Mond,"  founded 
on  the  results  of  observations  made  during  the  years  1830  to 
1837,  accompanied  by  a  complete  lunar  chart,  in  four  quad- 
rants, on  a  scale  of  37^  inches  to  the  lunar  diameter.  As  a 
foundation  for  their  map,  Madler,  whom  it  is  understood 
was  the  principal  observer,  made  a  series  of  919  diredl  mi- 
crometrical  measures  from  the  limb  of  the  principal  lunar 
points,  adopting  Encke's  system  of  computing  the  moon's 
libration  and  reducing  the  measures.  Rejecting  104  of  these 
— principally  the  earlier — as  discordant,  imperfedl,  or  doubt- 
ful, from  the  remainder,  the  position  of  92  points  were  deter- 
mined, 7  being,  however,  points  already  chosen  by  Lohr- 
mann, whilst  the  position  of  each  point  rested  on  from  8  to 
10  measures.  In  constructing  their  map,  as  Beer  and 
Madler  combined  Lohrmann's  results  with  their  own,  they 
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had  105  points  of  the  first  order,  only  two  of  which  rested  on 
under  five  measures,  as  well  as  a  considerable  number  of 
auxiliary  points  of  the  second  order. 

Madler's  measures  were  made  with  a  parallel  wire  position 
micrometer,  with  a  power  of  140  and  a  field  of  14^',  or  about 
20  revolutions  in  diameter,  the  thickness  of  the  wires  being 
i'9i",  but  as  the  edge  of  the  field  was  imperfedl,  distances 
exceeding  14  to  15  revolutions  could  not  be  measured  dipedl ; 
consequently,  objedls  more  than  10'  or  11'  from  the  limb 
were  measured  from  an  intermediate  spot,  generally  Posi- 
donius,  Piccolomini,  Messier,  Gassendi,  or  Seleucus,  whose 
distance  from  the  limb  was  also  measured.  To  eliminate 
as  much  as  possible  incidental  errors,  and  to  simplify  the 
computations,  measures  were  only  made  when  the  moon 
was  near  the  meridian  and  possessed  a  greater  altitude 
than  18°.  The  distances  were  found  by  bisedling  the  spot 
with  one  wire  and  bringing  the  other  tangentially  to  the  limb, 
a  somewhat  difficult  operation  to  perform  in  a  right  ascen- 
sion diredlion,  owing  to  the  rapid  motion  of  the  moon,  and 
the  difficulty  of  putting  the  two  distant  obje(5ls  in  position 
at  the  same  time.  Each  result  consisted  of  two  measures, 
in  a  right  ascension  dire(5lion,  and  one  at  right  angles. 

Beer  and  Madler  considered  that  from  the  difficulty  of 
exadlly  adjusting  the  wires  of  the  micrometer  so  as  to  keep 
both  in  position,  and  from  the  irregularity  of  the  moon's 
limb  and  variability  in  the  amount  of  irradiation  at  the 
edge,  the  results  of  a  single  measure  could  not  be  regarded 
as  giving  the  position  of  the  point  within  30'  of  longitude 
or  latitude  near  the  centre,  and  proportionately  greater 
towards  the  limb,  the  uncertainty  of  a  single  result  being 
about  8"  to  9",  a  result  borne  out  by  their  measures,  which, 
reje(5ting  the  unfavourable  points,  show  the  uncertainty  of 
a  single  measure  to  be  7*2".  From  this  the  average  pro- 
bable error  of  one  of  their  points  of  the  first  order,  resting 
as  already  mentioned  on  from  8  to  12  measures,  usually 
might  be  expedted  to  be  from  2*2"  to  i'8",  or  8'  to  7'  of  sele- 
nographical  longitude  or  latitude  near  the  centre,  a  result 
sufficiently  approximate  to  the  adlual  probable  errors  for 
the  more  favourable  points.  In  the  above  no  account  has 
been  taken  of  the  considerable  personal  equation  now  known 
to  exist  in  the  observations  of  the  lunar  limb ;  and  this 
is  a  weak  place  in  Encke's  method  of  determining  positions 
of  the  first  order,  as  employed  by  Madler.  Of  necessity, 
the  position  of  all  the  points  were  measured  by  Madler, 
mainly  from  one  pair  of  limbs,  either  S.  and  W.  or  S.  and  E., 
or  else  N.  and  W.  or  N.  and  E.,  and  therefore  the  resulting 
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personality  adls  as  a  constant  error  always  in  one  direction, 
and  cannot  be  eliminated,  whilst  escaping  consideration  in 
the  resulting  **  probable  error."  It  is  true,  on  some  occa- 
sions, Madler  measured  from  opposite  limbs,  but  then  always 
through  the  aid  of  an  intermediate  point,  consequently 
introducing  double  errors,  from  having  to  make  two  separate 
measures,  whilst  these  measures  were  too  few  to  exert  much 
influence.  By  comparing  Lohrmann's  measures  with  Mad- 
ler's,  the  influence  of  this  personal  equation,  combined  with 
some  differences  due  to  the  eSt6t  of  aperture  on  the  irradia- 
tion at  the  limb,  is  at  once  revealed,  for  there  exist  a  mean 
difference  of  23'  in  longitude  and  over  17'  in  latitude  be- 
tween the  places  of  the  points  they  have  both  measured  ; 
and  this  would  appear  to  be  too  great  a  difference  to  be 
ascribed  merely  to  errors  introduced  by  the  few  observations 
made  by  each  of  these  spots,  even  were  it  not  noticeable 
that  all  Madler  longitudes  are  nearer  the  centre  of  the 
moon  than  Lohrmann's,  and,  with  one  exception,  all  his 
latitudes  further  north.  This  would  indicate,  probably,  a 
personal  difference  in  the  method  of  observing  similar  to 
that  known  to  exist  in  ordinary  lunar  observations,  and  it  is 
unfortunate  that  the  few  spots  observed  by  both  astronomers 
renders  its  direct  determination  impradlicable. 

Besides  measures  of  points  of  the  first  order,  Madler  made 
numerous  determinations  of  the  position  of  points  of  the 
second  order,  as  he  termed  those  points  of  minor  import- 
ance, whose  place  he  ascertained  by  measuring  their  dis- 
tance and  position  angle  from  a  line  joining  two  of  his  points 
of  the  first  order.  This  method  gives,  however,  very  in- 
ferior results  to  the  results  of  measures  of  the  first  order,  as, 
in  addition  to  errors  incidental  to  measurement,  the  position 
carry  all  the  errors  in  the  determination  of  the  points  of  the 
first  order,  and  when  the  distance  amounts  to  more  than 
some  five  or  six  degrees,  is  liable  to  considerable  errors  of 
its  own.  The  great  majority  of  these  points  rest  on  a  single 
measure,  and  as  their  distance  from  a  point  of  the  first  order 
is  usually  considerable,  much  uncertainty  must  attach  to 
their  position,  which  cannot  be  considered  as  having  a  pro- 
bable error  of  under  three  or  four  times  that  of  the  neigh- 
bouring point  of  the  first  order. 

Madler  likewise  determined  the  diameter  of  148  of  the 
principal  formations,  and  made  1095  Pleasures  of  the  height 
of  830  lunar  peaks,  whilst  he  also  considerably  increased 
and  improved  the  lunar  nomenclature,  adhering,  of  course, 
to  Riccioli's  system,  with  Schroter's  modifications,  distin- 
guishing the  smaller  objects  by  Greek  and  Roman  letters 
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attached  to  the  name  of  the  nearest   important    forma- 
tion. 

Madler's  instrument  was  a  Fraiinhofer  achromatic  of 
3f  inches  aperture,  and  though  smaller  than  Lohrmann's, 
yet  probably  of  finer  quality,  its  excellence  being  apparent 
from  its  admitting  commonly  of  a  power  of  300  being  used 
for  drawing  the  lunar  details,  but  its  moderate  aperture 
possesses  important  bearings  on  many  of  the  results  given 
in  Beer  and  Madler's  "  Der  Mond,"  where  the  influence  of  its 
want  of  capacity  for  dealing  with  the  more  delicate  phe- 
nomena is  often  exhibited.  There  can  be  no  question, 
however,  of  the  great  advance  on  all  its  predecessors  of  the 
"  Mappa  Selenographica,"  not  only  from  the  vast  amount  of 
detail  for  the  first  time  shown,  but  in  its  general  accuracy, 
owing  to  its  being  based  on  the  result  of  adlual  measures. 
Though  deficient  in  minuter  detail  from  the  small  aperture 
of  their  instrument,  and  though  not  implicitly  to  be  trusted 
on  the  more  delicate  features,  yet  in  its  general  fidelity  the 
"  Mappa  Selenographica  "  is  superior,  not  only  to  all  its  pre- 
decessors, but  likewise  to  its  successors. 

Upon  the  conclusion  of  Beer  and  Madler's  great  work,  it 
was  generally  considered  as  established  that  the  great  ques- 
tions in  connection  with  the  condition  of  the  moon  were 
finally  settled,  with  the  exception  of  the  reason  why  volcanic 
adlion  had  produced  such  different  efTeCts  on  the  moon  and 
earth,  and  the  real  origin  of  some  of  the  more  inexplicable 
formations,  principally  the  great  ray  or  streak  systems,  and 
the  rills  or  clefts,  whilst  it  was  considered  certain  that  the 
moon  was  to  all  intents  an  airless,  waterless,  lifeless,  un- 
changeable desert.  With  this  opinion  prevalent,  the  natural 
effedts  of  such  great  works  as  Beer  and  Madler's  shortly 
ensued  ;  the  attention  of  astronomers  was  diredled  to  other 
fields,  and  selenography,  resting  on  its  laurels,  made  no 
further  progress  for  many  years ;  and  until  1865  Schmidt, 
at  Athens,  may  be  regarded  as  the  sole  selenographical 
worker  on  an  adequate  scale. 

The  only  point  in  connection  with  lunar  physics  that  during 
this  period  excited  attention  was  that  of  the  real  libration 
of  the  moon,  and  was  due  to  the  investigation  of  Bessel. 
In  a  memoir  in  the  "  Ast  Nach,"  in  1839,  he  entered  into  an 
examination  of  the  question  of  the  moon's  real  libration,  as 
presented  by  the  theoretical  investigations  of  Lagrange, 
Laplace,  and  Poisson,  and  pointing  out  the  uncertainty 
attending  the  value  deduced  by  Nicollet.  As  a  basis  for 
further  investigation,  he  deduced  the  position  of  the  crater 
Mosting  A  by  two  careful  measures  with  the  Konigsberg 
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heliometer.  This  preliminary  examination  was  carried  on 
by  Dr.  Wichmann,  in  1847-48,  who,  after  a  careful  investi- 
gation of  the  problem  to  be  determined,  applied  the  results 
of  50  measures  with  the  Konigsberg  heliometer,  in  1844-46, 
to  deduce  the  real  libration.  The  results  obtained  by 
him  were  still  more  inconclusive  than  those  arrived  at  by 
Nicollet ;  Wichmann's  conclusion  being  that  the  real  libra- 
tion of  short  period  could  not  exceed  10'  of  selenographical 
longitude,  and  probably  not  7' ;  but  as  to  its  exadl  amount, 
the  observations  failed  to  afford  any  satisfactory  informa- 
tion. 

Though  Wichmann's  individual  measures  were  con- 
siderably superior  to  those  of  Bouvard  and  Nicollet,  yet 
their  small  number,  only  44  separate  results,  and  the  short 
period  of  14  months  in  which  they  were  made,  with  the 
irregular  interval  between  them,  renders  them  inferior  as  a 
series  for  this  purpose  to  those  of  Bouvard  and  Nicollet, 
whose  174  measures  were  spread  over  a  period  of  4  years, 
and,  commenced  in  1806,  extend  to  1820.  The  uncertainty 
with  respedt  to  the  amount  of  the  real  libration  of  the  moon 
remains,  therefore,  as  great  as  ever.  The  value  obtained  by 
Wichmann  for  the  inclination  of  the  lunar  equator  to  the 
ecliptic  was  i"  32'  9",  or  over  3'  greater  than  resulted  from 
Nicollet's  investigation;  and  this  discrepancy  between  the 
results  obtained  by  the  two  investigators  adds  much  to  the 
uncertainty  attending  the  whole  question.  Incidental  to 
his  investigation,  Wichmann  found  for  the  position  of 
Mosting  A,  longitude  5**  13'  23V  latitude  3*  10'  55",  and 
that  Burckhardt's  value  of  the  moon's  semi-diameter  was 
considerably  too  small.  The  determination  of  the  problem 
of  the  real  libration  of  the  moon  still  required  to  be  performed, 
and  as  Wichmann  observed,  it  must  be  based  on  a  con- 
siderable number  of  observations ;  not  less  than  two  hundred 
at  regular  intervals  appears  suitable,  and  should  extend  over 
at  least  three  years. 

Schmidt  devoted  his  attention  mainly  to  the  produdlion  of 
a  lunar  map  that  should  adequately  show  the  true  details  of 
the  lunar  surface  which  he  recognised  Madler's  failed  to  do, 
though  representing  most  faithfully  the  greater  formations. 
For  this  purpose  he  determined  that  a  map  75  inches  in  dia- 
meter would  be  the  smallest  adequate  size,  being  four  times 
the  area  of  Madler's,  though  the  results  show  even  this  to  be 
too  small  for  this  purpose,  producing  too  much  crowding  to  be 
desirable.  During  his  work,  Schmidt  has  made  over  a 
thousand  drawings,  and  three  times  as  many  height 
measures — but  it  is  understood  few   (if  any)  measures  of 
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position  of  the  first  order,  but  based  his  map  entirely  on  the 
result  of  Madler  and  Lohrmann. 

In  1865,  when  the  deficiency  of  Beer  and  Madler's  map 
in  the  minuter  detail  had  become  more  generally  recognised, 
the  British  Association  appointed  a  committee  for  the  purpose 
of  making  further  progress  in  the  mapping  and  cataloguing 
of  the  lunar  surface,  and  the  result  was  the  produ(5tion  of 
a  new  system  of  nomenclature,  the  commencement  of  a 
complete  lunar  catalogue,  and  the  construdlion  of  four 
se(5tions  of  a  preliminary  outline  map  on  a  scale  of  200  inches 
to  the  moon's  diameter.  After  three  years'  work,  however, 
the  committee  was  no  longer  reappointed,  and  the  map  and 
catalogue  remained  in  an  unfinished  condition,  making  the 
very  slowest  progress. 

Through  both  these  means,  though  mainly  through  the 
labours  of  Schmidt,  much  new  lunar  detail  has  been 
observed,  sketched,  and  mapped ;  but  little  progress  has 
been  made  in  a  most  important  branch,  namely  position 
measures  of  the  lunar  formations,  though  these  are  abso- 
lutely essential  for  further  progress.  Madler's  results  were 
insufficient  even  for  the  proper  delineation  of  the  "  Mappa 
Selenographica,"  and  are  entirely  inadequate  for  the  founda- 
tion of  a  larger  map  like  Schmidt's  of  four  times  the  area, 
much  less  for  one  like  the  proposed  final  British  Association 
map  of  over  seven  times  as  large,  or  its  outline  map,  which 
has  nearly  thirty  times  as  great  an  area ;  therefore,  for  the 
proper  drawing  of  these  charts ;  and  any  smaller  than  the 
proposed  final  map  of  the  British  Association — namely 
100  inches  to  the  moon's  diameter — would  be  inadequate ; 
more  positions  of  the  first  order  must  be  made  if  they  are  in 
any  way  to  be  trustworthy.  To  supply  this  want  should 
therefore  be  the  first  objedl  of  further  lunar  work. 

In  Odtobe'r,  1866,  Schmidt  noticed  that  the  lunar  crater, 
Linne,  described  by  Madler,  with  whom  Lohrmann  is  in 
accordance,  as  a  deep  crater  5^  miles  in  diameter,  was  no 
longer  visible,  and  in  November  he  looked  equally  in  vain, 
and  announced,  therefore,  that  Linne  had  disappeared. 
This  attracted  at  once  the  attention  of  astronomers,  and 
numerous  observations  were  made ;  but  no  trace  of  the 
crater,  as  described  by  Lohrmann,  and  Beer  and  Madler, 
could  be  detected,  though  soon  after  a  very  minute  crater 
cone  was  found  to  exist  on  the  whitish  spot  occupying  the 
site  of  Linne.  Since  then  the  crater  seems  to  have  widened, 
and  the  remains  of  a  crater  of  dimensions  nearly  equal  to 
those  described  by  Beer  and  Madler  have  been  detected : 
therefore  it  is  generally  considered  that  no  real  change  has 
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occurred,  though  no  explanation  can  be  given  of  the  appear- 
ance as  seen  by  Lohrmann,  and  Beer  and  Madler.  The 
importance  of  measures  of  the  principal  lunar  formations 
was,  however,  apparent ;  for  had  not  Lohrmann  and  Madler 
measured  Linne,  it  is  doubtful  whether  it  would  have 
received  the  attention  merited  on  Schmidt's  announcement ; 
whilst  had  they  and  Schmidt  measured  carefully  the  dimen- 
sions of  the  crater,  no  uncertainty  could  have  existed  as  to 
its  real  appearance.  Schmidt  and  others  have  since  pointed 
out  cases  of  apparent  change,  but  being  in  unmeasured 
points,  have  received  little  elucidation.  During  the  period 
1869-71,  many  observations  were  made  of  the  relative 
visibility  of  the  minute  crater  cones,  white  spots,  and  streaks 
on  the  surface  of  the  walled  plain  Plato,  and  the  results  have 
been  discussed  under  the  dire(5lion  of  a  British  Association 
Committee,  whose  reports  were  published  in  1871  and  1872, 
where  it  was  shown  that  the  minute  obje(5ts  on  Plato  under- 
went curious  and  inexplicable  variations  in  visibility  ;  whilst 
the  whole  floor  showed  an  apparent  darkening  of  marked 
extent  during  each  lunation.  Numerous  observations  have 
also  been  made,  indicating  peculiar  changes  in  the  visibility 
of  different  lunar  regions,  not  dependent  on  variation  of 
illumination ;  many  new  formations  have  been  dete<5ted, 
now  so  conspicuous  as  to  appear  hardly  capable  of  being 
overlooked  by  earlier  astronomers,  were  they  then  as  distindl; 
changes  in  tint  and  colour  have  been  recognised ;  and  finally, 
considerable  differences  have  been  noticed  in  the  position  of 
the  light  streaks  from  Madler's  drawings,  whilst  a  number 
of  new  ones  have  been  seen.  The  result,  in  short,  of  the 
observations  of  the  last  period  of  selenographical  activity 
has  been  to  reopen  all  the  questions  nearly  previously  con- 
sidered settled  by  Beer  and  Madler,  before  the  true  nature 
of  the  lunar  details  were  generally  understood,  and  with 
regard  to  which  the  small  aperture  of  their  telescope  placed 
them  under  serious  disadvantages. 

The  present  condition  of  selenography  is  essentially, 
therefore,  one  of  uncertainty ;  and  though  the  earlier  astro- 
nomers have  by  their  work  cleared  the  ground,  and  defined 
the  questions  to  be  solved,  their  solution  is  still  to  be  accom- 
plished, and  for  this  end  further  observations  are  necessary 
to  afford  the  requisite  data. 

The  principal  points  to  which  this  further  micrometrical 
work  should  be  directed  are  essentially  the  following : — The 
determination  of  an  adequate  number  of  lunar  positions, 
comprising  those  of  all  the  principal  formations ;  the  mea- 
surement of  the  dimensions  of  the  principal  craters  and  of 
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the  slopes  of  the  walls  of  the  chief  classes  of  lunar  forma- 
tions, as  well  as  the  relative  levels  of  the  principal  mares  or 
great  plains,  both  important  features,  with  regard  to  which 
no  data  exists;  and  the  determination  of  the  dimensions 
under  different  illuminations  of  some  of  the  peculiar  white 
spots  occupying  at  full  the  position  of  various  lunar  forma- 
tions. Means  should  also  be  taken  for  a  re-determination  of 
the  apparent  brightness  of  the  different  portions  of  the  lunar 
surface,  and  of  their  colour;  for  good  reasons  appear  to 
exist  for  believing  distindl  changes  have  occurred  since  Beer 
and  Madler's  time,  and  it  should  be  remembered  that  such 
changes  were  suspedled  by  Madler  himself.  Measures  of 
the  height  of  many  of  the  walled  peaks,  and  of  the  depths 
of  the  chief  formations,  are  especially  valuable,  after  the 
apparent  disappearance  of  several  of  Madler's  deep  craters, 
although  the  many  unpublished  measures  of  Schmidt  will 
be,  when  accessible,  a  great  addition  to  our  present  data  on 
this  subjedl. 

Measures  of  the  lunar  diameter,  and  observations  of 
occultations  of  stars  present  themselves  as  highly  important 
for  the  determination  of  the  question  of  the  existence  of  a 
lunar  atmosphere,  such  as  is  at  present  indicated  by  the 
known  apparent  disagreement  between  the  telescopic  and 
occultation  semi-diameter.  Measures  of  the  shadow  length 
of  different  ring-plains  at  different  periods  might  reasonably 
be  expe<5led  to  afford  some  indications  of  the  presence  of  a 
denser  local  atmosphere,  due  to  local  causes.  By  deter- 
mining the  distance  between  some  conspicuous  lunar 
point  and  a  star  before  occultation,  evidence  of  the  strongest 
kind  might  be  obtained  with  regard  to  whether  a  lunar  atmo- 
sphere exists,  though  at  present  no  suitable  lunar  point 
near  the  limb  has  had  its  position  sufficiently  well  deter- 
mined to  be  available  for  this  purpose. 

Much,  likewise,  remains  to  be  done  in  the  observation  of 
the  details  of  the  surface,  and  the  careful  constru(5tion  from 
these  of  a  trustworthy  map  of  then[i.  Based  on  sketches 
made  at  intervals  during  a  period  of  thirty-five  years,  and 
unaided  by  the  results  of  systematic  measures  of  their 
positions,  Schmidt's  map,  when  issued,  which  is  unfortu- 
tunately  not  likely  to  be  for  a  considerable  period,  will, 
though  of  the  highest  value,  add  materially  to  the  lunar 
work  requiring  to  be  done.  It  is  certain  to  require  much 
revision  from  its  very  nature,  and  must  give  rise  to  many 
uncertainties  requiring  settlement,  whilst,  as  it  differs  in 
many  points  from  Beer  and  Madler's,  whose  general  accu- 
racy is  of  the  highest,  these  discrepancies  will  need  most 

VOL.  V.  (n.s.)  2  E 


2i6  Selenography  :  its  Past,  Present,  and  Future.     [April, 

careful  investigation,  a  work  necessarily  of  considerable 
labour.  Moreover,  it  appears  certain  that  the  position  of 
numbers  of  the  formation  will  need  alteration,  when  their 
true  places  have  been  ascertained  by  systematic  measures. 
Being  founded  likewise  on  drawings  made  at  different 
epochs,  some  uncertainty  must  attach  to  the  combination 
of  these  into  a  single  connedled  whole,  whilst,  as  is  known, 
a  considerable  personality  attaches  to  lunar  observation, 
one  observer  detefting  certain  classes  of  objefts  far  readier 
than  others.  Much  also  remains  to  be  done  in  the  proper 
combination  of  the  isolated  details  seen  at  different  times 
into  a  connedled  whole,  and  here  appears  one  of  the  most 
difficult  selenographical  labours.  For  on  the  moon,  the 
details  of  the  surface  being  nearly  only  rendered  visible 
when  throvvn  in  relief  by  shadow,  it  is  rarely  that  an  entire 
formation  is  seen  equally  distindl  at  the  same  time,  but 
nearly  always  the  details  come  out  little  by  little,  those 
first  seen  disappearing  as  the  newer  come  into  view ;  so  that 
it  is  necessary,  from  isolated  observations,  to  piece  together, 
as  it  were,  the  details  into  a  connedled  whole.  Con- 
sidering the  great  difficulty  in  studying  these  details,  and 
the  fadl  that  much  is  only  visible  under  conditions  when  the 
rest  is  quite  invisible,  while  some  are  rarely,  if  ever,  seen  at 
all,  the  great  labour  and  difficulty  in  piecing  all  together  so 
as  to  obtain  the  nature  of  the  formation  which  connedls 
together  all  the  isolated  detail  seen  is  apparent ;  whilst  it 
must  be  remembered  that,  owing  to  the  effed\s  of  libration, 
the  appearance  of  these  details  are  constantly  altering. 
Lohrmann,  and  Beer  and  Madler,  have  seldom  attempted  to 
do  this,  but  have  merely  mapped  down  the  objedt  seen ;  and 
a  similar  course  seems  to  have  been  followed  in  the  main 
by  Schmidt ;  but  the  study  of  the  real  nature  of  the  surface 
will  necessitate  its  being  carried  out  in  full,  if  we  are  ever 
to  properly  comprehend  the  meaning  of  what  is  visible  on 
our  satellite. 

So  far  no  reference  has  been  made  to  the  results  obtained 
by  the  employment  of  photography  in  selenographical  in- 
vestigation, though  many  fine  photographs  of  the  moon 
have  been  obtained  mainly  through  the  labours  of  De  la  Rue 
and  Rutherfurd.  Hitherto,  however,  the  results  obtained 
through  the  aid  of  photography  have  been  of  less  value 
than  was  generally  anticipated,  for  though  for  many  pur- 
poses the  photographs  have  been  and  will  continue  to  be  of 
great  service,  with  regard  to  the  two  principal  ends,  it  was 
trusted  they  would  be  of  the  greatest  value :  they  have  failed 
to  realise  expectation.     In  so  far  from  affording  unerring 
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representations  of  the  real  condition  of  the  lunar  surface, 
enabling  its  details  to  be  examined  with  ease  at  leisure,  they 
have  hitherto  proved  entirely  inadequate  for  this  purpose, 
even  the  finest  photographs  exhibiting  hardly  a  trace  of  this 
detail,  but  show  only  the  coarser  features  of  the  larger  for- 
mations and  the  mere  existence  of  the  smaller,  whilst  even 
what  is  to  be  seen  appears  at  times,  from  differences  in 
a(5linic  and  illuminating  power,  so  different  to  its  adlual 
appearance  as  to  render  it  recognisable  only  with  difficulty. 
Those  already  obtained  seem  to  be  deficient  in  sensitiveness 
to  slight  variations  in  illumination,  which  prevents  the 
smaller  detail  being  separately  distinguishable,  but  blurs  the 
whole  into  one  general  mass,  which  no  mere  onlargement 
can  redlify,  and  it  is  doubtful  whether  this  fault  can  be  over- 
come, except  by  taking  a  larger  image  diredtly,  even  if 
that  proves  successful.  Whatever  may  be  the  cause, 
the  result  has  been  to  render  lunar  photographs  of  little 
assistance  to  the  study  of  the  details  of  the  surface  of  the 
moon,  as  Madler  has  already  pointed  out. 

The  other  respe<5t  in  which  much  was  anticipated  from  lunar 
photographs  was  in  the  accurate  mappingof  the  surface  of  the 
moon,  as  it  was  considered  they  would  afford  a  means  by 
which  the  true  positions  of  the  lunar  formations  might  be 
laid  down  by  means  of  a  series  of  measures.  In  this,  how- 
ever, they  have  hitherto  been  of  little  service,  only  having 
been  employed  by  Birt  to  lay  down  secondary  positions  on 
the  lunar  map  of  the  British  Association,  by  whom  they 
were  also  employed  to  give  the  approximate  dimensions  of 
the  principal  formations.  For  these  purposes,  were  the 
number  of  well-determined  points  much  increased,  they 
might  prove  of  considerable  assistance,  and  more  use  made 
of  them  for  this  end  than  has  been.  But  for  the  determi- 
nation of  points  of  the  first  order  with  any  accuracy,  they 
are  far  inferior  to  diredt  measures,  and  the  results  neither 
satisfactory  nor  sufficiently  trustworthy  perhaps.  Even 
were  there  no  uncertainty  introduced  by  the  want  of  sharp 
definition,  or  by  variations  of  illumination,  all  certainty  is 
lost  in  the  errors  that  can  be,  or  perhaps  must  be,  iintroduced, 
when  dealing  with  such  delicate  material  as  collodion  film 
and  paper.  And  it  appears  impossible  to  guard  against  the 
effedl  of  the  vagaries  of  such  materials  as  collodion  films  to 
the  desired  amount  of  accuracy,  and  the  use  of  daguerreo- 
types seems  impradlicable,  considering  the  large  scale 
necessary. 

With  regard  to  classes  of  measured  points  on  the  lunar 
surface,   on  which   depend  our  power  of  constructing    a 
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trustworthy  map  on  an  adequate  scale  of  the  surface  of  our 
satellite,  they  should  consist  of  standard  points,  and  points 
of  the  first,  second,  and  third  orders.  The  accuracy  of  the 
first  should  be  sufficiently  great  to  enable  all  the  others  to 
be  measured  dire(5l  from  them :  the  points  of  the  first  order 
would  be  employed  for  the  same  purposes  as  the  present 
members  of  this  class,  whilst  the  points  of  the  third  order 
would  comprise  all  those  auxiliary  objedls  whose,  at  least, 
approximate  position  must  be  known  for  the  proper  con- 
struction of  the  outlines  of  the  larger  formations,  and  to  serve 
as  nuclei  round  which  group  the  smaller  not  measurable 
details. 

In  measuring  points  upon  the  moon,  the  limb  is  consider- 
ably inferior  as  the  origin  of  measures  to  any  small  con- 
spicuous objedt  on  the  surface,  such  as  a  small  bright  crater- 
let,  not  only  from  its  irregularity  and  the  irradiation  accom- 
panying it,  but  also  from  the  considerable  personal  equation 
known  to  exist  in  observing  it.  To  eliminate  as  far  as 
possible  the  eflFe(5ls  of  these,  if  measured  from  the  limb  it 
should  be  from  all  four,  which  would  considerably  weaken 
the  above  disadvantages.  When  pra(5ticable,  however,  far 
more  accurate  results  might  be  expedted  by  measuring  from 
some  of  the  smaller  lunar  formations,  preferably  one  of  the 
bright  lunar  craterlets,  such  as  are  equally  distinct  in  high 
and  low  illumination.  These  obje<5ts  would  constitute  the 
first  class,  or  standard  point,  and  should  rest  on  the  results 
of  from  40  to  50  measures,  so  as  to  reduce  the  probable 
error  of  the  position  to  a  minute  amount,  and  so  render 
them  available  as  points  from  which  to  measure  the  rest. 
The  members  of  the  second  class,  which  were  termed  by 
Madler  points  of  the  first  order,  should  be  founded  on 
from  10  to  15,  or,  in  the  more  important,  20  measures,  so 
as  to  increase  their  accuracy,  and  would  be  generally  mea- 
sured from  the  last,  unless,  as  might  be  in  some  special 
cases,  the  limb  offered  superior  advantages.  The  third  class, 
or  points  of  the  second  order,  as  here  termed,  would  consist 
of  objects  whose  place  had  been  determined  from  5  to  8 
measures  from  points  of  the  first  class,  and  therefore  pro- 
bably be  as  accurately  known  as  most  of  Madler's  points  of 
the  first  order,  and  could  be  employed  alone  or  in  conjunc- 
tion with  one  of  the  last  class,  to  determine  points  of  the 
third  order  within  a  convenient  distance  from  them.  The 
formations  included  in  the  third  class  would  consist  of  the 
points  of  the  second  order  of  Madler,  and  comprise  all  the 
principal  smaller  lunar  formations,  whose  position  was 
necessary  for  the  proper  mapping  of  the  surface,  or  else 
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possessed  some  special  importance  or  interest  of  their  own. 
Measured  in  an  analogous  method  to  Madler's,  they  should 
preferably  rest  on  two  separate  measures  from  different 
points,  and  as  the  increase  in  the  number  of  available  points 
would  enable  their  distances  from  these  to  be  much  reduced 
from  what  Madler  was  obliged  to  use,  their  accuracy  would 
be  probably  nearly  tripled. 

In  employing,  as  a  point  from  which  to  measure  other 
positions,  a  lunar  spot  instead  of  the  limb,  a  considerable 
advantage  is  gained,  inasmuch  as  a  comparative  great  dis- 
crepancy between  the  assumed  libration  of  the  moon  and 
the  true  would  produce  a  scarcely  sensible  error  in  the 
resulting  position ;  whereas,  as  measured  from  the  limb, 
any  error  in  the  assumed  libration  produces  a  corresponding 
error  in  the  position  of  the  points,  and  thus,  in  the  former 
case,  the  reduction  of  the  measures  made  is  much  simplified, 
an  additional  advantage  of  no  slight  importance.  Any 
connection,  moreover,  in  the  assumed  position  of  the  stand- 
ard point  thatTurther  observations  may  indicate,  would  also 
admit  of  being  applied  without  trouble  sufficiently  approxi- 
mately to  the  positions  deduced  from  it  by  measures,  unless 
it  was  of  very  considerable  magnitude,  which  would  hardly 
be  conceivable  under  the  conditions ;  and  this^  likewise,  is 
no  slight  advantage. 

So  far,  with  reference  to  the  measurements  for  the  deter- 
mination of  the  position  on  the  moon's  surface  of  the  principal 
lunar  objefts  necessary  for  the  proper  construction  of  a 
trustworthy  map  of  the  moon,  and  for  the  further  progress 
of  those  selenographical  observations,  requisite  for  any  ad- 
vancement to  be  made  in  the  solution  of  the  many  problems 
in  conne(5tion  with  our  satellite,  and  in  the  construction 
from  the  visible  records  of  the  past  history  of  the  companion 
to  the  earth. 

Intimately  connected  with  the  subjeCt  of  the  measure- 
ment of  the  objects  upon  the  moon  is  that  of  its  librations, 
and  a  proper  knowledge  of  the  conditions  introduced  by 
these  into  lunar  observations  is  essential  to  accurate  seleno- 
graphical work.  It  has  been  already  stated  that  the  moon 
is  subjected  to  two  classes  of  librations,  the  greatest,  which 
may  be  termed  the  optical  libration,  being  due  to  the 
nearly  uniform  rotation  of  the  moon  on  its  axis,  and  its 
variable  motion  in  its  orbit,  in  conjunction  with  the  results 
of  the  inclination  of  the  lunar  equator  and  orbit  to  the 
ecliptic  ;  whilst  the  other  may  be  called  the  real  libration, 
and  is  due  to  the  aCtual  motion  as  if  it  were  of  the  major  axis 
which  is  directed  towards  the  earth.    The  optical  libration 
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admits  without  difficulty  of  being  computed  for  any  given 
time,  and  may  be  held  to  include  the  paralladlic  or  diurnal 
libration  due  to  the  same  cause  as  the  lunar  parallax,  and 
depending  on  the  position  of  the  observer  with  relation  to  the 
earth's  centre.  This  libration,  therefore,  presents  no  diffi- 
culty :  but  with  regard  to  the  real  libration  of  the  moon, 
this  is  not  the  case,  for  there  exists  no  trustworthy  deter- 
mination of  its  amount;  and  this  introduces  some  uncer- 
tainty into  observation  depending  on  the  true  lunar  libration 
being  known,  which  it  is  desirable  should  not  be  allowed  to 
remain.  The  existing  uncertainty  on  this  point  lends  addi- 
tional advantage  to  the  employment  of  positions  on  the 
moon  itself,  rather  than  its  limb,  to  measure  points  on  the 
surface  from,  as  under  these  conditions  a  small  variation  of 
the  true  lunar  libration  from  the  assumed  produces  no  sen- 
sible error.  As  measured  from  the  limb,  the  libration  must 
be  known  corredlly,  as  any  error  produces  a  corresponding 
error  in  the  resulting  place ;  whilst  this  error  cannot  be 
eliminated  by  increasing  the  number  of  observations,  but 
only  by  spreading  them  over  a  very  considerable  period  of 
time,  naturally  a  highly  inconvenient  condition  for  many 
reasons. 

It  has  been  already  mentioned,  that  from  the  mathe- 
matical investigation  of  Lagrange,  Laplace,  and  Poisson, 
the  complete  theoretical  conditions  of  this  real  libration  in 
so  far  as  results  from  the  theoretical  ellipsoidal  form  of  the 
moon,  is  known.  Its  amount  depends  primarily  upon  the 
relation  holding  between  the  axes  of  the  lunar  ellipsoid,  and 
on  this  point  theory  can  afford  little  trustworthy  data,  con- 
sidering the  imperfedl  condition  of  our  present  knowledge ; 
while  they  depend  in  part  upon  the  condition  of  the  initial 
motions  of  the  moon,  which  is  at  present  unknown.  The 
amount  of  the  real  libration  must  therefore  be  deduced  from 
observation,  or  at  least  one  of  the  principal  periodical  ine- 
qualities of  the  moon's  axial  rotation  constituting  the  real 
libration  must  be  so  found,  and  from  that,  by  theoretical 
considerations,  the  others  found.  Mention  has  already 
been  made  of  the  observations  commenced  by  Arago  and 
Bouvard,  and  finished  by  Nicollet,  with  the  view  of  deter- 
mining diredlly  the  amount  of  this  real  libration  if  sensible, 
and  of  the  success  attending  Nicollet's  research  based  on 
these  observations,  resulting  in  the  dedu(5tion  of  a  value  of 
4'  49"  for  the  maximum  value  of  the  periodical  real  libration 
in  longitude  corresponding  to  the  annual  equation.  The 
results  of  this  investigation  are,  however,  unsatisfadlory, 
the  value  deduced    being    very   uncertain,   owing  to  the 
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inadequate  optical  means  employed  by  Bouvard ;  and  Nicollet 
considered  it  advisable  that  the  whole  research  should  be 
repeated  with  the  assistance  of  more  powerful  instruments. 
On  these  grounds  Wichmann,  in  1847,  niade  a  fresh  attempt 
to  determine  the  amount  of  real  libration  of  the  moon  from 
a  series  of  44  independent  observations,  but  entirely  failed 
to  obtain  a  satisfa<5tory  determination  of  the  amount  of  real 
libration,  whilst  the  discrepancies  between  the  results  of 
the  two  memoirs  is  additional  reason  for  further  inves- 
tigation. 

The  results  obtained  renders  a  new  investigation  of  this 
subjedl  very  desirable,  for  it  is  only  by  this  means  that  the 
limb  of  the  moon  can  be  rendered  a  satisfactory  origin  of 
measures  for  determining  the  position  of  the  standard  points 
on  the  surface  of  the  moon,  to  be  afterwards  employed  to 
measure  other  lunar  obje<5ts  from;  and  it  is  only  the 
limb  that  is  available  for  this  purpose,  whilst  the 
sole  standard  points  already  existing  are  the  central  moun- 
tain of  Manilius  and  the  small  lunar  erater  Mosting  A. 
Moreover,  the  disadvantages  of  being  obliged  to  employ  the 
lunar  limb  as  an  objedl  to  be  measured,  or  to  measure  from, 
has  long  been  recognised  in  astronomical  work,  apart  from 
selenography,  where  exactness  is  necessary,  as  in  the  deter- 
mination of  accurate  longitude  from  moon  culminations. 
For  such  purposes  it  has  long  been  proposed  to  employ, 
instead  of  the  somewhat  indefinite  limb,  with  its  variable 
irradiation  and  irregularities,  a  bright  lunar  crater,  without 
these  disadvantages;  but  this  is  inadmissible  with  the 
moon's  real  libration,  still  only  indefinitely  known. 

In  repeating,  however,  the  research  on  the  real  librations 
of  the  moon,  several  modifications  might  be  adopted,  besides 
simplifying  the  preliminary  redudlions  employed  by  Nicollet 
and  Wichmann,  and  it  might  be  made  after  the  following 
plan.  Madler  has  already  pointed  out  that  a  small  brilliant 
crater  is  preferable  as  a  point  to  be  employed  to  measure  to 
any  central  mountain,  like  that  of  Manilius,  used  by  Bouvard 
and  Nicollet,  and  has  suggested  Mosting  A  and  Triesnecker 
C  and  B  as  suitable  both  in  form  and  from  lying  close  to 
the  centre  of  the  moon,  a  desirable  feature  ;  and  the  former 
consequently,  at  the  instance  of  Bessel,  was  employed 
by  Wichmann,  Of  these,  Mosting  A  is  alone  well  suited  for 
this  purpose,  but  a  still  better  is  almost  the  crater  Tries- 
necker A ;  whilst  a  third  can  be  selected  from  one  of  the 
three  craters,  Hipparchus  C,  G,  or  E,  the  last  being  most 
favourably  placed,  and  all  considered  perhaps  the  most 
suitable  for  this  objeCl.    Three  points  have  been  seledled ;  for 
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it  would  add  comparatively  little  to  the  work,  though  much  to 
the  accuracy  of  the  results,  were  the  investigation  made  to 
depend  on  three  separate  series  of  objedls  on  different  sides 
of  the  lunar  equator,  as  Poisson  has  shown;  whilst  by 
mutual  comparison  some  of  the  incidental  errors  could  be 
eliminated.  By  means  of  a  series  of  simultaneous  measures 
from  the  central  mountain  of  Manilius,  a  series  would  be 
obtained  of  like  nature  to  the  former,  but  free  from  the 
effedts  of  the  real  libration  of  the  moon  and  the  irradiation 
at  the  limb,  which  would  of  course  be  also  eliminated 
as  much  as  possible  from  the  former  series  by*  measures 
being  taken  from  all  four  diredlions.  By  the  mutual  com- 
parison of  the  two  series,  the  accuracy  of  the  results  of  the 
discussion  of  the  first  would  be  improved,  whilst  means 
would  be  afforded  of  comparing  with  the  results  of  Bouvard 
and  Nicollet.  The  comparison  with  the  investigation  of 
Wichmann  would  be  independently  done,  as  the  crater 
Mosting  A  would  be  embraced  in  both  series.  Employing 
suitable  instrumental  means,  the  errors  due  to  mere  instru- 
mental effedls  might  be  reduced  considerably  from  those  of 
Bouvard,  and  rendered  equal,  perhaps,  to  Wichmann,  and 
from  a  series  of  from  two  to  four  hundred  measures  a 
trustworthy  conclusion  with  regard  to  the  real  lunar  libration 
might  be  arrived  at. 

Attention  has  now  been  directed,  not  only  to  the  present 
position  of  selenography,  but  also  to  the  progressive  stages 
by  which  it  has^arrived  at  the  condition  it  now  stands  in — 
a  little  known  history;  whilst  the  direction  where  further 
selenographical  work  appears  most  requisite,  and  which 
should  be  the  first  to  be  supplied,  have  also  been  indicated 
in  some  detail,  and  our  present  knowledge  on  these  points 
described.  The  necessity  of  the  introduction  into  lunar 
observations  of  micrometrical  measures  has  been  again 
urged  with  special  stress,  for  it  is  only  on  a  foundation  of 
exaCl  micrometrical  work  that  the  desirable  accuracy  in  the 
delineation  of  the  lunar  formations  can  be  obtained;  for, 
though  practice  renders  the  results  of  an  experienced 
observer  sufficiently  faithful,  as  a  rule,  for  many  purposes, 
yet  in  the  comparison  of  drawings  of  the  same  formation  at 
different  epochs,  all  certainty  is  lost  with  regard  to  differ- 
ences, unless  based  on  adequate  measures,  as  is  exemplified 
by  the  results  of  Linne,  and  still  more  so  in  the  case  of  the 
twin  Pytheas  of  Mayer,  to  say  nothing  of  minor  instances. 

In  all  branches  of  science  too  much  faith  is  put  in  the 
results  to  be  achieved  by  mere  piling  up  of  observation  on 
observation,  and  trusting,  by   so    doing,  some   fortunate 
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discovery  may  result ;  but  it  cannot  be  too  strongly  urged 
that  the  hugest  mass  of  isolated  observations  made  without 
scope  or  charadter  is  far  inferior  in  value  to  a  well- 
considered  series  of  observations  made  in  pursuance  of  some 
definite  plan  and  direcfled  towards  some  distindl  end.  The 
former,  it  may  be  said,  will  serve  as  a  mine  from  which,  by 
labour,  much  may  hereafter  be  extradled  to  confirm  or 
disprove  theories  that  may  later  be  advanced ;  but  even  for 
this  purpose  they  possess  little  value  :  for,  to  search  through 
the  mass  for  those  observations  that  may  be  useful,  with  the 
almost  certainty  of  finding  them  deficient  in  some  especial 
feature  necessary  for  them  to  be  of  real  value  in  the 
particular  direction  wanted,  renders  it  easier  to  obtain  the 
results  required  in  a  different  manner.  The  eredtion  of  an 
elaborate  edifice,  intended  to  be  enduring  upon  an  uncertain 
foundation,  has  long  been  recognised  as  unsatisfadlory ;  yet 
much  of  this  chara<5teristic  attaches  to  many  selenographical 
hypotheses  that  have,  especially  of  late,  been  promulgated. 
The  origin  of  most  of  these  may  be  ascribed  to  the  vagueness 
incidental  to  desultory  lunar  observations,  which,  seldom 
pushed  sufficiently  far,  often,  as  in  other  branches  of  science 
under  similar  conditions,  afford  untrustworthy  results.  Too 
much  stress,  therefore,  cannot  well  be  laid  on  the  necessity  of 
systematic  series  of  observations  being  made,  rather  than 
mere  desultory  work,  which  seldom  afford  anything  in  value 
adequately  representing  the  time  and  labour  spent. 

Above  all,  it  may  again  be  reiterated,  stands  the  necessity 
so  often  urged  of  the  completion  of  the  determination  of  the 
positions  of  the  principal  lunar  formations  that  has,  since 
the  time  of  Beer  and  Madler,  remained  apparently  untouched, 
despite  the  earnest  appeals  from  the  British  Association 
Committees ;  when  this  has  been  successfully  carried  out, 
and  the  foundations  for  a  thorough  trustworthy  aquaintance 
with  the  physical  condition  of  the  moon's  surface  laid,  then 
the  detail  can  be  filled  in  at  leisure.  Not  until  this  is.  done 
can  much  success  in  solving  the  various  selenographical 
questions  be  expe(5led ;  but  then,  in  the  words  of  our  greatest 
selenographer,  the  late  Baron  von  Madler,  **  may  our 
satellite,  after  the  monstrous  fables  which  for  almost  the 
space  of  many  thousand  years  have  gained  credence 
respedling  it,  begin,  not  only  by  its  course,  but  also  by 
its  natural  constitution,  to  permit  us  to  pierce  deeper  into 
the  secrets  of  the  Fabric  of  the  Universe !  " 
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NTOMOLOGY  is,  of  all  sciences,  the  least  fashionable. 
Inserts,  indeed,  form  what  may  be  called  the  round 
number  of  the  animal  world,  all  other  tribes  constitu- 
ting a  mere  fractional  overplus.  They  display  the  most 
wonderful  variety  of  strudlure  and  development.  They  offer 
excellent  opportunities  for  studying  the  origin,  the  mutations, 
and  the  geographical  distribution  of  species.  They  present 
the  most  striking  examples  of  the  singular  phenomenon  of 
mimetism.  Their  transformations,  their  architedlure,  their 
intelligence,  and  their  social  institutions,  are  themes  prafti- 
cally  exhaustless.  Among  their  ranks  are  included  our  most 
formidable  enemies — beings  far  more  difficult  to  deal  with 
than  the  wolf  or  the  tiger.  For  all  this,  few  works  on  the 
natural  history  of  insedls  make  their  appearance — fewer,  we 
believe,  now  than  was  the  case  thirty  years  ago.  Of  these 
few,  a  large  proportion  are  little  more  than  compilations  and 
manuals,  chiefly  of  British  species — to  which  a  large  part  of 
our  entomologists  limit  their  attention  in  a  spirit  possibly 
patriotic,  but  certainly  unphilosophical. 

Another  besetting  sin  of  English  lovers  of  insedls — indeed, 
of  English  naturalists  in  general — is  a  proneness  to  teleology. 
We  have  heard  it  maintained  abroad  that  a  work  on  the 
organic  sciences,  free  from  all  reference  to  final  causes,  was 
as  rare  in  England  as  **  unfortified  *'  wine.  It  is  curious 
how  completely  the  old  proverb,  **  It's  an  ill  wind  that  blows 
nobody  good,"  decomposes  such  speculations.  Let  us  take 
the  following  passage  from  one  of  the  works  before  us  :— 
'*  The  first  insert  of  which  travellers  unite  in  complaining  is 
the  hated  and  dreaded  mosquito.  In  its  perfedl  or  winged 
state  it  is  about  as  annoying  a  creature  as  can  be,  but  then 
it  must  be  remembered  that  the  traveller  is  but  a  casual 
intruder  in  the  natural  domain  of  the  mosquito,  and  must 
cxpedt  the  consequences  of  his  intrusion.  Devouring 
travellers  is  not  the  normal  occupation  of  the  mosquito; 
for  hundreds  of  successive  generations  of  them  may  live  and 
die,  and  not  one  of  them  ever  see  a  human  being.  Their 
real  objeft  is  a  beneficent  one.  In  their  larval  state  they 
live  in  the  water,  and  feed  upon  the  tiny  particles  of  decaying 

*  Inseds  Abroad  :  being  a  Popular  Account  of  Foreign  Inseds,  their 
Strudure,  Habits,  and  Transformation.  By  the  Rev.  J.  G.  Wood,  M.A., 
F.L.S.,  &c.    London  :  Longmans,  Greeui  and  Co. 

On  British  Wild  Flowers  considered  in  Relation  to  Inseds.  By  Sir 
J.  Lubbock,  Bart.,  F.R.Sm  M.P.,  ^c.     London:  Macmillan  and  Co. 
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matter  that  are  too  small  to  be  appreciated  by  the  larger 
aquatic  beings;  and  by  devouring  them,  purify  the  water, 
and  convert  death  into  life.  Even  in  our  ponds  at  home  we 
are  much  indebted  to  the  gnat  larvae  for  saving  us  from 
miasma;  whilst  the  vast  armies  of  mosquito  larvae  that 
swarm  along  the  edge  of  tropical  lakes,  and  feed  upon  the 
decaying  substances  that  fall  from  the  herbage  of  the  banks, 
purify  at  the  same  time  the  water  and  the  atmosphere,  and 
enable  human  beings  to  breathe  with  safety  the  air  in  which, 
without  their  aid,  no  animal  higher  than  a  reptile  could  have 
existed." 

To  this  passage,  ably  written  as  it  is,  many  exceptions 
may  be  taken.  If  man  is  not  to  intrude  into  the  **  natural 
domain  of  the  mosquito,"  his  choice  of  a  dwelling  will 
be  very  limited  ;  since,  with  the  exception  of  sandy  and 
stony  deserts,  scarcely  one-fourth  part  of  the  land  on  our 
globe  is  free  from  these  pests.  We  are  not  sufficiently  well 
acquainted  with  the  nature  and  origin  of  miasma  to  decide 
whether  the  larvae  of  mosquitos  do  really  purify  the  water 
and  the  atmosphere.  That  they  feed  upon  particles  of 
putrescent  or  putrescible  organic  matter  in  the  waters  is  very 
probable ;  but  will  not,  in  that  case,  their  excrements  and 
their  dead  bodies  be  as  great  a  nuisance  as  their  original 
pabulum  ?  They  are  found  in  pestilential  distrifts,  which 
proves  that  their  services  in  a  sanitary  point  of  view  are  at 
least  questionable.  They  swarm  also  in  regions  free  from 
malaria,  and  where  its  existence  seems  highly  improbable, 
such  as  Lapland.  They  are  known  also  to  be  spreading  into 
parts  hitherto  free  from  them,  and  where  no  malaria  had 
been  met  with  in  their  absence.  How  is  it  that  teleologists 
judge  the  "  contrivances  of  Nature  "  so  much  more  leniently 
than  those  of  Art  ?  What  would  they  say,  for  instance,  of  a 
city  where  the  scavengers  and  nightmen  were  employed 
occasionally  as  surgeons,  hospital  nurses,  and  provision 
dealers,  so  that  they  might  distribute  putrescent  and 
infe(5lious  matter  upon  the  food,  the  medecines,  and  the 
very  persons  of  the  inhabitants  ?  Yet  such  a  case  would  be 
precisely  similar  to  that  of  some  of  Nature's  scavengers — to 
wit,  the  common  house-fly  and  its  allies.  These  are  one 
moment  feasting  upon  carrion,  excrement,  and  ulcers ;  and 
the  next,  settling  upon  food,  and  upon  men  and  animals. 
That  in  this  manner  they  are  a<5live  propagators  of  disease 
is  no  mere  supposition.  Which,  then,  is  the  real  funftion  of 
the  fly,  scavenging  or  the  spread  of  disease  ?  We  have  no 
more  right  to  assume  the  one  than  the  other.    Surely  our 
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most  philosopical  as  well  as  most  reverent  attitude  is  to 
dismiss,  as  beyond  our  reach^  all  enquiries  as  to  "  why " 
animals  exist. 

Another  error  of  entomologists  is  their  tendency  to  digress 
into  learned,  but  tedious  and  utterly  irrelevant,  disquisitions 
on  the  names  borne  by  certain  genera  or  species.  This  may 
be  interesting  to  the  antiquarian,  but  it  is  not  entomology. 
Significant  names  have  generally  the  fatal  defedt  of  being 
too  long  for  men  who  cannot  hope  to  exceed  three  score 
and  ten  years  of  life.  We  wish  that,  in  this  respedl  at 
least,  our  modern  naturalists  would  follow  the  example  of 
Linnaeus. 

Turning  to  the  chapter  on  Ants — beings  whose  wonderful 
intelligence  makes  us  overlook  their  destrudlive  propen- 
sities-— we  quote  the  following  passage  as  a  fair  specimen  of 
the  author's  matter  : — "  In  the  various  accounts  of  ant-life 
which  have  been  narrated  by  observers,  there  is  often  an 
absolutely  startling  resemblance  to  the  condudl  of  human 
beings.  We  have  heard  of  ants  which  make  regular  slave- 
hunting  expeditions  into  the  territory  of  less  powerful  ants, 
carry  off  their  captives,  and  make  them  their  servants.  We 
know  of  ants  which  build  walls  and  domed  roofs.  We 
know  of  ants  which  have  their  milch-kine  (aphides  and 
scale-inse<5ls),  and  which  tend  and  guard  them  as  carefully 
as  any  dairyman  tends  his  cows.  We  know  of  ants  which 
cultivate  the  ground,  keep  it  clear  of  weeds,  sow  the  future 
crop,  and  when  the  hai*vest  has  come  to  maturity,  get  it  in 
just  like  human  beings.  In  the  history  which  now  follows, 
a  new  and  unexpecfted  phase  of  human  life  is  found  to  exist 
among  ants — namely,  funeral  honours  paid  to  the  dead  and 
their  burial  in  the  earth."  The  author  then  quotes  from 
the  "  Journal  of  the  Linnaean  Society,"  vol.  v.,  p.  217,  a 
communication  from  Mrs.  L.  Hutton,  of  Sydney.  This  lady, 
having  killed  a  number  of  ants  which  were  stinging  her 
little  boy,  and  having  flung  the  bodies  aside,  witnessed 
afterwards  the  following  scene :  "  I  saw  a  number  of  the 
ants  surrounding  the  dead  ones.  At  last  four  ran  off  very 
quickly,  and  I  followed  them  till  I  saw  them  enter  a  hillock 
containing  an  ants'  nest.  They  remained  here  about  five 
minutes,  when  a  number  more  came  out  two  by  two,  and 
proceeded  slowly  to  the  place  where  their  dead  companions 
lay.  Here  they  seemed  to  wait  for  something,  and  presently 
we  saw,  coming  from  the  other  side  near  .  the  creek,  a 
number  surpassing  those  I  had  followed,  and  halting  at  the 
same  place.    Then  two  ants  took  up  one  of  the  dead  ones 
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and  marched  oflF,  followed  by  two  others  as  mourners ;  then 
two  others  entered  the  procession  with  a  second  dead  ant, 
succeeded  in  the  same  way  by  another  pair,  and  so  on 
until  all  the  dead  were  taken  up — a  number  of  (I  should 
think)  two  hundred  bringing  up  the  rear.  Following  the 
train  I  found  that  the  two  empty-handed  followers  relieved 
their  fellows  in  advance,  the  latter  following  behind  in 
the  place  of  those  who  had  relieved  them,  and  thus  con- 
tinuing to  alternate  from  time  to  time.  They  stopped  at  a 
sandy  hillock,  where  those  who  marched  in  the  rear  of  the 
procession  commenced  operations  by  making  holes.  When 
a  sufficient  number  of  graves  had  been  dug,  the  dead  bodies 
were  laid  in  them,  and  those  ants  which  had  hitherto  stood 
idle  were  deputed  to  cover  them  in.  About  six  would  not 
stir  from  their  places,  and  on  these  the  others  fell  and  killed 
them  ;  whereupon  they  made  a  single  large  pit  at  a  distance 
from  the  other  graves,  into  which  all  the  six  were  put  and 
duly  covered  up.  I  had  frequent  opportunities  afterwards 
of  seeing  the  insed^s  adl  much  in  the  same  manner.  If  one 
of  the  workers,  however,  were  killed,  it  was  buried  where  it 
fell,  and  no  friends  attended  the  funeral.  The  ants  buried  in 
state  belonged  to  the  soldier  caste."  Many  other  interesting 
fa(5ls  are  given  in  illustration  of  the  reason,  or  as  some 
persons  will  still  persist  in  calling  it  the  "  instindl,"  of  ants. 
Dr.  Lincecum,  who  for  more  than  twelve  years  studied  the 
proceedings  of  the  Agricultural  Ant  of  Texas  {Myrmica 
barbata),  and  who  has  given  an  interesting  account  of 
his  observations  in  the  "  Journal  of  the  Linnsean  Society," 
in  1861,  mentions  a  case  where  these  ants  had  their  nest  in 
an  orchard.  But  after  a  while  the  orchard  was  opened  to 
cattle,  who  naturally  ate  the  succulent  grass-grain  which  the 
ants  had  planted.  Finding  this  to  be  the  case  the  ants 
abandoned  the  orchard,  and  took  to  making  their  plantation 
in  the  garden  and  other  spots  where  the  cattle  could  not 
disturb  them. 

It  is  commonly  asserted  that  man  alone  is  a  progressive 
being,  and  that  all  the  lower  animals  remain  without  im- 
provement at  the  very  point  which  was  occupied  by  their 
most  remote  forefathers.  To  this  view  it  may  be  of  course 
objedled,  that  we  do  not  possess  accurate  accounts  of  the 
habits  of  social  animals  extending  over  a  sufficient  length  of 
time  to  decide  such  a  question.  But  let  us  assume  that 
some  species  of  ant  did  effedl  a  manifest  step  in  civilisation. 
Any  naturalist  who  observed  the  result  would  suppose  that 
he  had  seen  not  something  new,  but  merely  something 
which  former  entomologists  had  overlooked,  and  would  .thus 
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take  the  credit  to  himself  instead  of  awarding  it  to  the  ants. 
It  thus  becomes  very  easy  to  deny  that  the  lower  animals 
are  capable  of  progress. 

From  the  ant  to  the  ant-lion  is  not  an  unnatural  tran- 
sition. Of  these  inse(5ts,  which  have  no  representatives  in 
England,  Mr.  Wood  gives  a  very  interesting  account,  taken 
from  Mr.  Gosse's  "  Naturalist's  Sojourn  in  Jamaica."  The 
ant-lion  larva,  it  is  said,  is  capable  of  existing  without  food 
for  a  long  time,  one  of  Mr.  Westwood's  specimens  having 
lived  for  six  months  without  any  nourishment  whatever. 
This,  our  author  remarks,  "  is  to  be  expedled,  as  the  supply 
of  nourishment  is  very  precarious."  But  if  we  turn  to  his 
account  of  the  tiger-beetle,  whose  larva  lives  on  the  same 
kind  of  prey  as  the  ant-lion,  and  captures  it  in  a  somewhat 
similar  manner,  we  read: — **  All  carnivorous  creatures  re- 
quire a  constant  supply  of  nourishment.  The  internal  fire 
fed  by  animal  fuel  burns  fast  and  fiercely,  so  that  a  tiger- 
beetle  larva  would  die  of  hunger  through  a  temporary  depri- 
vation of  food,  which  would  little  affeft  the  turnip  grub  or 
the  cabbage  caterpillar."  This  ill  records  with  the  remarks 
made  anent  the  ant-lion.  We  have  always  found  that  car- 
nivorous animals  are  better  able  to  bear  prolonged  absti- 
nence from  food  than  are  herbivorous  species,  whose  supply 
of  nourishment  is,  as  a  rule,  so  much  less  precarious. 

The  superior  beauty  of  the  inse<5ts  in  tropical  countries 
has  been  frequently  insisted  upon  by  travellers,  and  it  has 
been  ascribed  to  the  greater  intensity  of  the  solar  rays  in 
those  latitudes.  Against  this  theory  Mr.  Crookes  has  argued 
with  much  force  in  his  "  Handbook  of  Dyeing  and  Calico 
Printing.*'  But  the  alleged  fadl  is  itself  open  to  question. 
Our  author  remarks  that  some  English  groups  of  insedls 
are  quite  as  numerous,  as  large,  and  as  handsome  as  their 
foreign  representatives.  Mr.  Bates  asks,  very  acutely,  why, 
if  climate  have  any  dire<5l  connexion  with  splendid  colour- 
ation, do  we  find  the  females  of  so  many  Brazilian  butter- 
flies clad  in  such  dull  and  sombre  attire,  whilst  the  males 
display  an  almost  dazzling  lustre  ?  This  one  faft  must,  we 
think,  suffice  to  overthrow  the  common  notion  of  beauty  as 
a  result  of  light  or  of  temperature. 

There  is  some  curious  information  concerning  the  habit 
of  certain  Carabidae,  which,  when  alarmed,  eje<5l  noisome 
liquids  as  a  means  of  defence.  Some  of  these  liquids  are 
dark  coloured  and  of  evil  odour,  but  not  corrosive. 

The  Brachinides,  familiarly  called  bombardier  beetles, 
emit  a  fluid  so  highly  volatile,  that  "when  it  comes  in 
ooQtadt  with  the  air  it  explodes  with  a  slight  report,  leaving 
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a  cloud  of  thin  smoke."  According  to  Burchell,  this  liquid, 
in  some  of  the  larger  tropical  species,  burns  and  stains  the 
hands  to  such  an  extent,  that  the  capture  of  the  inse(5t 
requires  considerable  resolution*  The  common  Cychrus 
rostratus  projefts,  without  any  report,  a  drop  of  colourless 
liquid,  which  burns  the  skin,  and  which  we  suspedl  to  be 
formic  acid  in  a  very  concentrated  state.  On  this  subject 
there  is  room  for  much  interesting  micro-chemical  research. 

The  existence  of  blind  species  of  insedts  is  a  fadl  which 
leads  to  certain  difficult  questions.  The  author  describes  a 
blind  beetle,  Leptoderus  sericeus,  found,  as  far  as  is  known, 
only  in  the  caverns  of  Carinthia,  which  are  inhabited ;  also 
of  a  blind  spider  (Obisium).  Several  ants  also  are  blind, 
including  several  of  the  terrible  Ecitons,  in  which  family  we 
recognise  a  curious  instance  of  serial  degradation  as  regards 
the  organs  of  sight.  Eciton  legionis  and  prcedator  are  not 
blind,  but,  as  Mr.  Bates  informs  us,  have  eyes  consisting 
each  of  a  single  lens,  instead  of  the  compound  strud^ure 
usual  in  inse(5ts.  E,  crassicornis  has  eyes  sunk  in  rather 
deep  sockets,  and  always  avoids  the  light,  moving  in  con- 
cealment under  leaves.  If  obliged  to  cross  a  clear  space, 
it  constructs  a  covered  way  or  tunnel  with  grains  of  earth, 
as  do  the  equally  blind  soldiers  and  workers  among  the 
Termites.  Eciton  vastator  has  no  eyes,  although  **  the  col- 
lapsed sockets  are  plainly  visible,"  whilst  in  Eciton  erratica 
both  sockets  and  eyes  have  disappeared,  leaving  only  a  faint 
ring  to  mark  the  place  where  eyes  are  normally  situated. 
It  is  curious  that  these  totally  blind  species  construdl  a 
covered  way  on  coming  into  the  open,  proving  that  in  some 
unknown  manner  they  are  aware  of  the  presence  of  light. 
The  question  then  arises,  are  these  species  blind,  ab  initio, 
being  adapted  to  dark,  subterranean  abodes,  or  have  they 
become  blind  by  a  process  of  gradual  transformation  ?  To 
us  the  fa<5ls  of  the  case  seem  neither  favourable  to  original 
"  adaptation  "  nor  to  "  natural  seledlion,"  since,  though 
eyes  may  in  such  situations  be  rarely  or  never  of  use,  it  is 
hard  to  see  how  their  possession  should  be  any  inconve- 
nience. Other  species,  which  lead  underground  lives,  are 
well  known  to  be  furnished  with  eyes.  It  is  quite  conceiv- 
able, that  in  the  course  of  many  successive  generations,  the 
eyes  should  be  atrophied  by  disuse. 

Where  different  geological  formations  meet,  there  the 
most  interesting  minerals  are  often  found.  Where  land  and 
water  come  in  contadl,  there  organic  life  is  generally  the 
richest  and  most  varied.  In  an  analogous  manner,  the 
boundary  between  two  sciences  often  proves  a  fertile  field 
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for  research.  This  is  evinced  in  a  striking  manner  in  Sir 
J.  Lubbock's  work,  which  calls  attention  to  a  class  of  phe- 
nomena that  have,  till  lately,  escaped  common  observation. 

It  is  familiarly  known  that  plants  in  general,  and  flowers 
in  particular,  are  necessary  to  the  existence  of  a  large  pro- 
portion of  the  insecft  world.  Honey  constitutes  the  food  of 
probably  all  butterflies  and  moths  when  in  their  mature 
state ;  of  many  bees,  both  social  and  solitary ;  of  a  multi- 
tude of  Diptera,  and  even  of  certain  beetles,  such  as  the 
pretty  black  and  yellow-banded  Trichius  fasciatus,  which, 
from  its  colour,  its  general  hairiness,  and  its  habit  of  haunt- 
ing flowers,  is  often  mistaken  for  a  bee. 

But  it  has  been,  till  lately,  little  suspefted  that  the  inter- 
dependence is  mutual,  and  that  without  the  visits  of  insefts, 
a  vast  number  of  flowers  would  be  incapable  of  fertilisation, 
and  would  consequently  become  extindl.  Few  persons  are 
ignorant  that  flowers  arc  the  reproductive  organs  of  plants ; 
indeed,  we  are  sometimes  afraid  lest  the  prurient  prudish- 
ness  of  modern  times  may  pronounce  them  an  offence  to 
delicacy,  and  hand  them  over  to  some  self-constituted 
authority  for  "  suppression."  In  some  species — in  analogy 
to  animals — the  male  and  female  flowers  are  respectively 
assigned  to  different  individuals.  Thus  all  the  specimens 
of  Aucuba  Japonica  existing  in  England  happened  to  be 
females,  and  they  consequently  never  produced  their  bril- 
liant scarlet  berries,  till  a  male  tree  was  brought  from 
Japan  by  Mr.  Robert  Fortune.  In  other  cases — as  in  the 
cucumber  and  the  vegetable  marrow — there  are  male  and 
female  flowers  on  every  plant.  Lastly,  in  the  majority  of 
species,  each  flower  is  hermaphroditic,  containing  both  the 
male  organs  or  anthers,  and  the  female,  or  pistil.  In  all 
these  cases  the  question  arises,  how  is  the  pollen  needful 
for  fecundation  to  be  transported  from  the  anthers  to  the 
pistil  ?  In  some  cases  this  is  effefted  by  the  wind.  But  in 
other  instances  the  strudlure  of  the  flower  renders  this 
utterly  impossible.  Even  in  the  case  where  the  stamens 
and  pistil  are  in  the  same  flower,  there  is  what  seems  very 
like  an  elaborate  arrangement  to  prevent  self-fertilisation. 
Sometimes  the  stru-Rure  of  the  parts  renders  this  result 
practically  impossible.  Sometimes  the  anthers  and  pistil 
do  not  come  to  maturity  at  the  same  time.  There  is,  there- 
fore, need  for  some  special  agency  to  transport  the  pollen 
from  one  flower  to  the  pistil  of  the  other  flowers  of  the  same 
species,  and  thus  ensure  the  fecundation  of  the  seed.  This 
purpose  is  effeCled  by  inSeCls,  which,  flying  from  flower  to 
flower,  convey  the  pollen  adhering  to  their  bodies.    Attention 
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must  here  be  called  to  an  important  fadl,  first  pointed 
out  by  Mr.  Darwin,  that  when  a  flower  is  so  construfted  as 
to  be  capable  of  fertilisation  by  the  wind,  it  never  has  a  gaily- 
coloured  corolla.  If  a  momentary  digression  may  be  allowed, 
we  would  urge  that  an  observer  capable  of  detefting  so 
capital  a  point,  after  it  had  escaped  the  notice  of  genera- 
tions of  botanists,  is  evidently  not  the  mere  amateur  theorist 
which  he  is  represented  by  the  ''rash  envy"  of  MM.  Milne- 
Edwards  and  Quatrefages.  It  appears,  then,  that  the 
beauty  of  flowers,  as  well  as  their  odours,  are  not  unessen- 
tial attributes  designed  for  the  amusement  of  man,  but  sub- 
serve an  important  purpose  in  the  life  of  a  plant.  The 
more  conspicuous  a  flower  by  colour  or  scent,  the  more 
certainly  it  will  be  visited  by  inserts,  the  more  surely  its 
seed  will  be  fecundated,  and  it  will  thus  be  enabled  to  per- 
petuate itself.  Here,  then,  we  see  "  natural  seleftion  "  at 
work,  and  in  this  case  it  really  tends  to  the  preservation  and 
multiplication  of  the  most  beautiful,  and  to  a  continued 
increase  in  brilliance  of  hue  and  delicacy  of  perfume. 

Sir  J.  Lubbock  has  proved  by  experiments,  which,  how- 
ever, he  does  not  here  detail,  that  insefts— bees  at  least — 
are  really  attracted  by  and  can  distinguish  colours.  This^ 
we  must  remark,  is  a  most  interesting  fadl,  as  proving 
a  certain  community  between  them  and  ourselves,  not 
merely  in  the  process  of  vision,  but  in  the  mental  faculties. 
Animals,  too,  have  their  aesthetics.  But  the  author  continues  : 
**  Flowers,  however  sweet-smelling  or  beautiful,  would 
not  be  visited  by  inse(5ls  unless  they  had  some  inducements 
more  substantial  to  offer.  These  advantages  are  the  pollen 
and  the  honey ;  although  it  has  been  suggested  that  some 
flowers  beguile  insedls  by  holding  out  the  expeftation  of 
honey  which  does  not  really  exist,  just  as  some  animals 
repel  their  enemies  by  resembling  other  species  which 
are  either  dangerous  or  disagreeable." 

That  such  false  pretences  may  really  exist  becomes  all 
the  more  probable  if  we  remember  that  certain  plants 
attradl  insedls  by  a  carrion-like  smelly  and  then  kill  and  eat 
them.  Of  these  carnivorous  plants  we  find  an  interesting 
account  in  the  present  work,  taken  from  the  observations  of 
Ellis,  Hooker,  and  Canby.  If  it  be  asked  why  the  self-frufti- 
fication  of  plants  should  not  be  desirable,  Sir  J.  Lubbock 
gives  the  reply :  **  Kolreuter  speaks  with  astonishment 
of  the  statura  portentosa  of  some  plants  thus  raised  by  him  ; 
indeed,  says  Mr.  Darwin,  *  all  experimenters  have  been 
struck  with  the  wonderful  vigour,  height,  size,  tenacity 
of  life,  precocity,  and  hardiness  of  their  hybrid  produftions.* 

VOL.  v.  (n.sO  2  G 
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Mr.   Darwin    himself,   however,   was,   I   believe,  the   first 
to  show  that,  if  a   flower  be   fertilised  by  pollen  from  a 
different  plant,  the  seedlings  so  produced  are  much  stronger 
than  if  the  plant  be  fertilised  by  its  own  pollen.     I  have  had 
the  advantage  of  seeing  several  of  these  experiments,  and 
the  difference  is  certainly  most  striking.     For  instance,  six 
crossed  and  six  self-fertilised  seeds  of  IpomcBa  purpurea  were 
grown  in   pairs   on  opposite  sides  of  the  same  pots ;  the 
former  reached  the  height  of  7  feet,  while  the  others  were 
on  an  average  only  5  feet  4  inches.     The  first  also  flowered 
more  profusely.     It  is,  moreover,  remarkable  that  in  many 
cases  plants  are  themselves  more  fertile  if  supplied  with 
pollen  from  a  different  flower,  a  different  variety,  or  even,  as 
it  would  appear  in  some  instances  (in  the  passion-flower  for 
instance)  from   a   different  species.     Nay,  in   some  cases, 
pollen    has    no   efifedl   whatever,   unless    transferred   to   a 
different  flower.     Fritz  Miiller  has  recorded  some  species 
in  which  pollen,  if  placed  on  the  stigma  of  the  same  flower, 
has  not  only  no  more  eflfedl  than  so  much  inorganic  dust, 
but,  which  is  perhaps  even  more  extraordinary,  in  others 
he   states  that   the    pollen   placed   on    the   stigma   of    its 
own   flower   a(5ted   on   it   like   a   poison.     This  he  noticed 
in  several  species :  the  flower  faded  and  fell  off;  the  pollen 
grains  themselves  and   the  stigma  in  contadl   with   them 
shrivelled  up,  turned  brown,  and  decayed;  while  other  flowers 
on  the  same  branch,  which  were  not  so  treated,  retained 
their  freshness." 

It  may  be  urged  that  the  fertilisation  of  flowers  by  means' 
of  inse(5ts  is  a  process  liable  to  be  frustrated  by  a  number  of 
accidents.  Thus  a  bee  or  a  butterfly  may  go  from  one 
flower  to  another  of  a  totally  different  order,  when  the 
pollen  it  conveys  will  of  course  be  wasted.  Sir  J.  Lubbock 
enumerates,  however,  several  species  of  bees  which  confine 
themselves  to  particular  flowers.  Thus  Andrena  flotea 
visits  no  other  flower  save  that  of  Bryonia  dioica,  whilst 
Macropis  labiata  restri(5ls  itself  to  Lysimachia  vulgaris. 

Why  certain  flowers  are  fecundated  by  bees,  and  others 
chiefly  by  moths,  is  an  unexplained  question.  In  some  cases 
the  long  proboscis  of  a  sphinx  may  reach  into  the  tubes  of 
flowers  where  no  bee  could  penetrate.  It  would  almost 
seem  that  bees  are  more  generally  attra(5led  by  colour,  and 
moths  by  odour.  Every  entomologist  knows  that  vinegar, 
porter,  or  rum — all  strong  smelling  liquids — is  a  necessary 
ingredient  in  the  mixture  used  in  "sugaring"  for  moths. 
From  the  wonderful  development  of  their  antennae,  we  should 
infer  them  to  possess  the  sense  of  smell  in  singular  perfection. 
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It  must  be  remarked  that  by  far  the  majority  of  flower- 
haunting  inse(5ts  are  hairy,  a  circumstance  which  enables  the 
pollen  to  adhere  more  readily  to  their  limbs  and  bodies. 
The  gradation  in  this  respedl  from  Prosopis,  through  Sphe- 
codes  and  Noraada  to  Andrena,  Osmia,  and  Anthrophora, 
and  finally,  to  the  true  Humble-bees,  is  described  and 
illustrated  in  this  work.  A  somewhat  parallel  arrangement 
is  pointed  out  in  those  flowers  which  are  fertilised  by  the 
agency  of  the  wind,  without  the  mediation  of  insedls. 
In  these,  such  as  the  alder,  the  hop,  and  the  wheat, 
the  stigma  is  branched  or  hairy,  so  that  particles  of  pollen 
borne  along  by  the  wind  may  more  certainly  adhere.  We 
find  here  some  interesting  fac^s  which  go  to  prove  that  bees, 
in  their  quest  for  honey,  are  not  a(5tuated  by  some  unvarying 
instindl,  but  both  vaiy  individually  in  intelligence  and  are 
capable  of  modifying  their  operations.  H.  Miiller  "  watched 
a  female  humble  bee  {Bombus  terrestris)  examining  an  Aqui- 
legia ;  she  made  several  vain  attempts  to  suck  the  honey,  but 
after  a  while,  having  apparently  satisfied  herself  that  she  was 
unable  so  to  do,  bit  a  hole  through  the  corolla.  Having 
thus  secured  the  honey  she  visited  several  other  flowers, 
biting  holes  through  them  without  making  any  attempt  to 
suck  them  first — conscious,  apparently,  that  she  was  unable 
to  do  so.  .  .  .  Any  one  who  has  watched  bees  in  green- 
houses will  see  that  they  are  neither  confined  by  instindl  to 
special  flowers,  nor  do  they  visit  all  flowers  indiscriminately. 
It  would  also  appear  that  individual  bees  differ  in  their  way 
of  treating  flowers.  Some  humble-bees  suck  the  honey 
of  the  French-bean  and  scarlet-runner  in  the  legitimate 
manner,  while  others  cut  a  hole  in  the  tube  and  thus  reach 
it,  so  to  say,  surreptitiously.  Dr.  Ogle  has  observed  that  the 
same  bee  always  proceeded  in  the  same  manner,  some  always 
by  the  mouth  of  the  flower,  and  some  always  by  cutting  a 
hole.  He  particularly  mentions  that  this  was  the  case  with 
bees  of  one  and  the  same  species,  and  infers,  therefore,  that 
the  different  individuals  differ  from  each  other  in  their 
degrees  of  intelligence." 

Into  the  admirable  exposition  of  the  successive  modifica- 
tions which  the  mouths  of  insefts  have  undergone,  so  as  to 
profit  by  their  visits  to  flowers,  space  does  not  permit  us  to 
enter. 

Of  both  the  works  before  us  we  feel  bound,  in  conclusion, 
to  express  a  favourable  opinion.  Sir  J.  Lubbock,  whose 
treatise  forms  not  the  least  interesting  member  of  the 
valuable  **  Nature  Series,"  points  the  way  to  a  region  where 
patient  research  cannot  fail  to  be  amply  rewarded. 
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The  Rev.  J.  G.  Wood,  though  we  cannot  altogether  agree 
with  his  speculations,  is  himself  a  patient  and  acute  original 
observer,  of  rare  merit,  and  tells  his  frequently  wondrous 
tale  in  the  happiest  manner.  The  result  is  a  work  as 
fascinating  as  the  well-known  volumes  of  Kirby  and  Spence. 
The  illustrations  represent  no  fewer  than  six  hundred  species 
of  insedls,  not  copied  at  second-hand  from  the  works  of 
others,  but  all  drawn  from  adlual  specimens. 


VII.    AERIAL  LOCOMOTION  : 
Pettigrew  versus  Marey. 

By  Professor  Coughtrie.  '^ 

HE  great  interest  taken  in  aerial  locomotion,  and  the 
increasing  belief  in  the  feasibility  of  a  flying  machine, 
invest  works  on  natural  and  artificial  flight  with  a 
certain  significance  and  importance  which  cannot  be  over 
estimated  in  the  present  day,  charadterised  as  it  is  by 
unusual  progress  and  invention. 

The  works  to  which  we  wish  more  especially  to  diredt 
attention,  and  which  have  attracted  an  unusual  share  of 
notice,  are  those  of  Dr.  J.  Bell  Pettigrew,  of  Edinburgh, 
and  Professor  E.  J.  Marey,  of  Paris. 

The  names  of  Dr.  Pettigrew  and  Professor  Marey  are 
well  known  in  the  scientific  world,  and  require  only  to  be 
mentioned.  Both  gentlemen  are  physiologists  of  a  high 
order,  both  have  experimented  largely  on  the  subjedl  under 
consideration,  and  both,  as  a  consequence,  are  entitled  to 
be  heard. 

The  objedl  of  the  present  article  is  to  show  that  these 
savants,  notwithstanding  certain  apparent  differences  (and 
notwithstanding  much  that  has  been  written  to  the  con- 
trary), essentially  agree.  The  fundamental  features  of 
flight,  according  to  both,  are  the  same.  If  there  be  differ- 
ences, they  refer,  for  the  most  part,  to  time  and  the  mode  of 
treatment  adopted,  Dr.  Pettigrew  having  published  his  views 
some  two  years  before  Professor  Marey. 

Dr.  Pettigrew  obtained  his  results  by  transfixing  the 
abdomen  of  inserts  with  a  fine  needle,  and  watching  the 
wings  vibrate  against  a  dark  background,  by  causing  dragon- 
flies,  butterflies,  blowflies,  wasps,  bees,  beetles,  &c.,  to  fly 
in  a  large  bell  jar,  one  side  of  which  was  turned  to  the  light, 
the  other  side  being  rendered  opaque  by  dark  pigment ;  by 
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throwing  young  pigeons  and  birds  from  the  hand  into  the 
air  for  the  first  time  ;  by  repeated  observation  of  the  flight 
of  tame  and  wild  birds ;  by  stiffening,  by  tying  up,  and  by 
removing  portions  of  the  wings  of  insed^s  and  birds ;  by  an 
analysis  of  the  movements  of  the  travelling  surfaces  of  quad- 
rupeds, amphibia,  and  fishes ;  by  the  application  of  artificial 
fins,  flippers,  tails  and  wings,  to  the  water  and  air;  and  by 
repeated  dissections  of  all  the  parts,  diredtly  and  indiredtly, 
connedled  with  flight. 

Professor  Marey  obtained  his  results  by  gilding  the  extre- 
mities and  margins  of  the  wings  of  the  insedt  with  minute 
portions  of  gold  leaf;  by  the  application  of  the  different 
parts  (tip  and  anterior  margin)  of  the  wing  of  the  insedl 
to  a  smoked  cylinder  rotating  at  a  given  speed,  the  wing 
being  made  to  record  its  own  movements ;  by  the  captive 
and  free  flight  of  birds,  which  carried  on  and  between  their 
wings  an  apparatus  which,  by  the  aid  of  electricity,  regis- 
tered the  movements  of  the  wings  on  a  smoked  surface, 
travelling,  at  a  known  speed,  in  a  horizontal  direction ;  and 
by  the  employment  of  an  artificial  wing,  construfted  on  the 
plan  recommended  by  Borelli,  Chabrier,  Straus-Dur.ckheim, 
Girard,  and  others. 

The  treatises  on  flight  and  cognate  subjedls  by  Dr.  Petti- 
grew  and  Professor  Marey  are  so  elaborate  and  so  profusely 
illustrated,*  that  a  digest  of  them  cannot  fail  to  be  interest- 
ing to  the  general  reader,  the  more  especially  as  in  that 
digest  we  hope  to  state  in  a  few  words,  and  in  something 
like  chronological  order,  not  only  the  great  leading  features 
of  flight,  but  also  the  points  wherein  Dr.  Pettigrew  agrees 
with  and  differs  from  Professor  Marey — these  not  being 
generally  known. 

The  parts  of  Dr.  Pettigrew's  and  of  Professor  Marey *s 
works  which  interest  us  most  are  those  which  deal  with 
aerial  locomotion  and  the  flight  of  the  insedl  and  bird. 

Professor  Marey,  in  his  recent  book,t  describes  the  figure- 
of-8  movements  made  by  the  wing  in  space,  and  for  these  he 
claims,  and  in  some  journals  has  obtained,  considerable 
cudos,  although  it  is  difficult  to  understand  on  what 
grounds. 

There  can  be  no  question*of  the  fadl,  that  the  figure-of-8 
movements  made  by  the  wing  in  flight  were  first  observed^ 

*  Dr.  Pettigrew*8  memoirs  alone  contain  over  200  original  figures — those  of 
Professor  Marey  considerably  over  100. 

t  Animal  Mechanism :  A  Treatise  on  Terrestrial  and  Aerial  Locomotion, 
By  £.  J.  Marey,  Professor  at  the  College  of  France,  and  Member  of  the 
Academy  of  Medicine.    Henry  S.  King  and  Co.     1874. 
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described,  and  delineated  by  Dr.  Pettigrew,  and  to  this  physio- 
logist undoubtedly  belongs  the  high  merit  of  first  discovering 
the  true  principles  of  flight. 

Dr.  Pettigrew  published  his  discovery  in  the  early  part  of 
1867,*  and  Professor  Marey  did  not  write  upon  the  subjedt 
of  flight  till  the  end  of  1868. t  There  is,  therefore,  an  in- 
terval of  nearly  two  years  in  favour  of  Dr.  Pettigrew. 

We  think  it  right  to  draw  attention  to  this  circumstance, 
because  Professor  Marey  does  scant  justice  to  Dr.  Petti- 
grew, and  because  we  detedl  in  all  Professor  Marey's  wri- 
tings on  flight  traces  of  Dr.  Pettigrew's  original  discovery. 

This  remark  applies  equally  to  Professor  Marey's  theory 
and  pra(5tice  of  flight. 

We  hope  to  be  able  to  prove  the  validity  of  our  position, 
as  we  advance,  by  a  series  of  parallel  passages.  The  history 
of  science  demands  that  this  course  should  be  taken.  We 
begin  with  the  figure-of-8  itself. 

Professor  Marey,  in  a  letter  addressed  to  the  French 
Academy  of  Sciences,  admitted  Dr.  Pettigrew's  claim  to 
priority  in  the  matter  of  the  figure-of-8  movements  made 
by  the  .wing  in  space  in  the  following  terms  : — 

"  I  have  ascertained  that,  in  reality,  Mr.  Pettigrew  has  seen  before  me,  and 
represented  in  his  memoir^  the  figure-of-8  track  made  by  the  wing  of  the 
insed,  and  that  the  optic  method  to  which  I  had  recourse  is  almost  identical 
with  his     .... 

*'  I  hasten  to  satisfy  this  legitimate  demand,  and  I  leave  entirely  to  Mr.  Pet- 
tigrew the  priority  over  me  relatively  to  the  question,  as  restrided." 
(Comptes  Rendus,  May  i6th,  1870,  p.  1093). 

Since  writing  the  above,  Professor  Marey  has  evidently 
been  changing  his  views ;  for  in  his  new  work  (**  Animal 
Mechanism,"  p.  187)  he  states  that,  **  notwithstanding  this 
apparent  agreement,  our  theory,  and  that  of  Dr.  Pettigrew, 
differ  materially  from  each  other." 

We  have  searched  diligently  for  the  points  of  disagreement^ 
and  find  them  trifling  in  character  and  few  in  number.  The 
points  of  agreement^  on  the  other  hand,  are  numerous  and 
important. 

Dr.  Pettigrew,  in  his  letter  of  "  reclamation "  to  the 
French   Academy,  ||  to  which  the  foregoing,  by  ^Professor 

•  *•  On  the  Various  Modes  of  Flight  in  Relation  to  Aeronautics."  Proceedings 
of  the  Royal  Institution  of  Great  Britain,  March  22,  1867. 

**  On  the  Mechanical  Appliances  by  which  Flight  is  attained  in  the  Animal 
Kingdom."     Trans.  Linn.  Soc,  vol.  xxvi.     (Read  June  6th  and  20th,  1867). 

f  Comptes  Rendus.     Tome  Ixvii.,  No.  26,  p.  1341.     Dec.  28,  1S68. 

J  "On  the  Mechanical  Appliances  by  which  Flight  is  attained  in  the  Animal 
Kingdom."  By  J.  Bell  Pettigrew,  M.D.,  F.R.S.  Trans.  Linn.  Soc, 
vol.  xxvi.     (Read  to  Linn.  Soc.  on  June  6th  and  20th,  1867). 

II  Comptes  Rendus.    April,  1870. 
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Marey,  is  the  reply,  claims  to  have  been  the  first  to  describe 
and  illustrate  the  following : — 

"  I.  That  quadrupeds  walk,  and  fishes  swim,  and  insedbs,  bats,  and  bird^ 
fly,  by  figure -of 'S  movements." 

**  2.  That  the  flipper  of  the  sea  bear,  the  swimming  wing  of  the  penguin, 
and  the  wing  of  the  insed,  bat,  and  bird,  are  screws  structurally,  and 
resemble  the  blade  of  an  ordinary  screw  propeller." 

"  3.  That  these  organs  are  screws  functionally,  from  their  twisting  and  un- 
twisting, and  from  their  rotating  in  the  direction  of  their  length,  when 
they  are  made  to  oscillate." 

*'  4.  That  they  have  a  reciprocating  action,  and  reverse  their  planes  more  or 
less  completely  at  every  stroke." 

"  5.  That  the  wing  describes  b.  Jigure-of-S  track  in  space,  when  the  flying 
animal  is  artificially  flxed." 

**  6.  That  the  wing,  when  the  flying  animal  is  progressing  at  a  high  speed 
in  a  horizontal  dire(5tion,  describes  a  looped  and  then  a  waved  tracks 
from  the  fad  that  the  figure  of  8  is  gradually  opened  out  or  unra- 
velled as  the  animal  advances." 

**  7.  That  the  wing  acts  after  the  manner  of  a  boy*s  kite,"  both  *  during  the 
down  *  and  the  ^up  '  strokes.* 

Such  are  briefly  Dr.  Pettigrew's  views;  and  if  we  com- 
pare what  Professor  Marey  has  written  on  flight  with  what 
Dr.  Pettigrew  here  enunciates,  we  shall  find  the  coincidences 
(to  use  no  stronger  terms)  very  striking. 

Take  the  following  passages  from  Professor  Marey's 
recent  work  as  examples : — 

"  If  we  gild  a  large  portion  of  the  upper  surface  of  a  wasp*s  wing,  taking 
precautions  that  the  gold  leaf  should  be  limited  to  this  surface  only,  we  see  that 
the  animal  placed  in  the  sun's  rays  gives  the  figure-of-S  with  a  very  unequal 

intensity  in  the  two  halves  of  the  image It  is  evident  that  the  cause 

of  the  phenomenon  is  to  be  found  in  a  change  in  the  plane  of  the  wing,  and 

consequently  in  the  incidence  of  the  solar  rays We  shall  find  in  the 

employment  of  the  graphic  method  new  proofs  of  changes  in  the  plane  of  the 

wing  during  flight [In  this  and  other  quotations  the  italics  are  ours.] 

It  is  therefore  not  necessary  to  look  for  special  muscular  adions  to  produce 
changes  in  the  plane  of  the  wing ;  these  in  their  turn  will  give  us  the  key  to  the 
oblique  curvilinear  movements  which  produce  the  figure-of-S  course  followed  by 
the  insed's  wing." — ("Animal  Mechanism,"  pp.  188,  197). 

In  the  passages  here  cited,  Professor  Marey  admits,  not 
only  that  the  wing  of  the  insedl  makes  a  figure-of-8  track  in 
space,  but  also  that  the  figure-of-8  is  produced  by  a  change  of 
plane  in  the  wing. 

This  is  an  important  admission,  for  Professor  Marey 
copies  at  page  201  of  his  book  a  figure-of-8  representation 
from  Dr.  Pettigrew's  1867  memoir,t  in  which  this  change  of 
plane  is  delineated,  and  states  that  the  arrows  in  Dr. 
Pettigrew's  figure  all  point  in  one  direftion,  and  are  wrongly 

*  "  On  the  Physiology  of  Wings."  By  J.  Bell  Pettigrew,  M.D.,  F.R.S. 
Trans.  Roy.  Soc.  of  Edinburgh,  vol.  xxvi.,  p.  332. 

t  Marey's  figure  is  '*  Fig.  86,  Trajedory  of  the  Wing,"  p.  201.  Pettigrew's 
figure  is  at  p.  233.     Trans.  Linn.  Soc,  1867.,  vol.  xxvi. 
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placed.  This  is  a  glaring  inaccuracy  on  the  part  of  Professor 
Marey. 

He  has  in  the  first  place  reversed  the  diredlion  of  the 
arrows  in  Dr.  Pettigrew*s  figure,  and  in  the  second  place  he 
makes  the  half  of  the  figure  represent  the  whole.  In  Dr. 
Pettigrew's  original  figure  the  arrows  are  pointing  from  left 
to  right ;  whereas  in  Professor  Marey's  copy  of  it,  they  are 
pointing  from  right  to  left. 

In  the  description  given  of  Dr.  Pettigrew's  figure,  it  is 
distinctly  stated  that  in  extension  the  arrows  of  the  figure-of-8 
are  dire(5ted  from  left  to  right,  but  that  in  flexion  they  are 
directed  from  right  to  left.* 

In  one  complete  revolution  of  the  wing,  therefore,  accord- 
ing to  Dr.  Pettigrew,  the  arrows  are  directed  alternately 
from  left  to  right,  and  from  right  to  left,  and  this  is  precisely 
what  happens  in  every  figure-of-8  delineated  by  Professor 
Marey. 

Dr.  Pettigrew,  when  speaking  of  the  change  of  plane 
occurring  during  the  down  and  up  strokes  of  the  wing  of  the 
insedt,  states  that : — 

**  A  figure-of-8  compressed  laterally,  and  placed  obliquely  with  its  long  axis 
running  from  left  to  right  of  the  spedator,  represents  the  movement  in  question. 

"  The  down  and  up  strokes,  as  will  be  seen  from  this  account,  cross  each 
other,  the  wing  smiting  the  air  during  its  descent  from  above,  as  in  the  bird  and 
bat,  and  during  its  ascent  from  below,  as  in  the  flying  fish  and  boy's  kite."f 

A  little  further  on,  and  on  the  same  page  of  his  1867 
memoir,  in  which  the  figure-of-8  and  waved  tracks  made  by 
the  wing  in  stationary  and  progressive  flight  are  delineated. 
Dr.  Pettigrew  says : — 

**  The  figure-of-8  adion  of  the  wing  explains  how  an  insedt  or  bird  may  fix 
itself  in  the  air,  the  backward-and-forward  reciprocating  adion  of  the  pinion 
affording  support,  but  no  propulsion.     In  these  instances  the  backward  and 

forward  strokes  are  made  to  counterbalance  each  other Although  the 

figure-of-8  represents  with  considerable  fidelity  the  twisting  of  the  wing  upon 
its  axis  during  extension  and  flexion,  when  the  insed  is  playing  its  wings 
before  an  objeS,  or  still  better  when  it  is  artificially  fixed  ;  it  is  otherwise  when 
the  down  stroke  is  added,  and  the  insed  is  fairly  on  the  wing,  and  progressing 
rapidly. 

"  In  this  case  the  wing,  in  virtue  of  its  being  carried  forward  by  the  body  in 
motion,  describes  an  undulating  or  spiral  course."  J 

The  figure-of-8  and  undulating  wave  movements  originally 
described  and  figured  by  Dr.  Pettigrew,  in  March  and  June, 

•  According  to  Dr.  Pettigrew  extension  in  the  insedt  signifies  "  the  carrying 
of  the  wing  in  a  forward  diredlion,  away  from  the  body;  flexion  meaning  the 
reverse,  or  the  drawing  of  the  wing  from  before,  backwards  towards  the  body." — 
(Trans.  Linn.  Soc,  vol.  xxvi.,  p.  226). 

t  On  the  Mechanical  Appliances  by  "which  Flight  is  Attained  in  the  Animal 
Kingdom. 

^  Trans.  Linn.  Soc,  vol.  xxvi.,  p.  233. 
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1867,  have  been  reproduced  by  Professor  Marey  in  a  variety 
of  forms  since  December,  1868.  They  are  reproduced  in  a 
colledlive  form  in  Professor  Marey's  work  already  referred 
to,  published  in  1874. 

The  importance  of  the  figure-of-8  and  wave  movements 
cannot  be  over  estimated,  and  no  one  appears  to  be  more 
keenly  alive  to  their  value  than  Professor  Marey  himself. 
When  speaking  of  the  figure-of-8  made  by  the  wing  in 
space,  originally  discovered  by  Dr.  Pettigrew  by  the  aid  of 
the  optical  method,  Professor  Marey  remarks : — 

"  We  have  seen,  when  treating  of  the  mechanism  of  insedfc  flight,  that  the 
fundamental  experiment  was  that  which  revealed  to  us  the  course  of  the  point 
of  the  wing  throughout  each  of  its  revolutions.  Our  knowledge  of  the 
mechanism  of  flight  naturally  flowed,  if  we  may  so  say,  from  this  first 
notion.*'* 

Professor  Marey  here  admits  that  his  knowledge  of  flight 
is  derived  from  the  figure-of-8  revealed  by  the  optical 
method  ;  but  he  admitted,  as  already  stated  to  the  French 
Academy  of  Sciences,  in  May,  1870,  that  the  optical  method 
to  which  he  had  recourse  was  nearly  identical  with  that 
which  Dr.  Pettigrew  employed,  and  that  in  reality  Dr. 
Pettigrew  had  seen  before  him,  and  delineated  the  figure- 
of-8  track  made  by  the  wing  of  the  insedl  in  flight. 

If,  however.  Dr.  Pettigrew  was  the  first  to  observe, 
describe,  and  delineate  the  figure-of-8  made  by  the  wing  in 
space ;  and  if,  as  Professor  Marey  states,  his  knowledge  of 
the  mechanism  of  flight  **  naturally  flowed  .  .  .  from  this 
first  notion,"  then  it  is  quite  evident,  even  according  to 
Professor  Marey's  own  showing,  that  the  discovery  of  the 
true  principles  of  flight  was  made  by  Dr.  Pettigrew,  and  not 
by  him.     This  follows  as  an  inevitable  sequence. 

It  is  easy  to  extend  a  discovery  once  made,  but  the  true 
discoverer  is  he  who  first  describes  and  delineates  the 
fundamental  principle,  and  in  the  present  instance  that 
is  unquestionably  Dr.  Pettigrew. 

Dr.  Pettigrew  not  only  described  and  delineated  the 
figure-of-8  and  waved  track  made  by  the  wing  in  space; 
he  also  described  and  figured  the  several  changes  of  plane 
occurring  in  the  wing  during  an  entire  revolution. 

To  him,  moreover,  is  to  be  traced  the  important  discovery 
of  the  torsion  Sind  forward  action  of  the  wing  both  during  the 
down  and  the  up  strokes.  The  torsion  and  forward  a<5tion 
of  the  wing  are  indispensable  in  flight. 

The  body  in  flight  is  dragged  forward,  not  pushed  forward ; 

*  Animal  Mechanism,  p.  234. 
VOL.  V.  (N.S.)  2  H 
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but  unless  the  wings  themselves  fly  forward  in  curves,  both 
during  the  down  and  up  strokes,  as  Dr.  Pettigrew  explains, 
the  body  cannot  be  transmitted  from  one  point  to  another. 
Dr.  Pettigrew's  experiments  with  natural  and  artificial 
wings  are  quite  decisive  on  this  point,  as  we  have  ourselves 
verified. 

Dr.  Pettigrew  was  likewise  the  first  to  describe  and  figure 
ike  ellipse  formed  by  the  wing  of  the  bird,  and  to  point  out 
the  difference  in  the  diredlion  of  the  stroke  in  the  wing  of 
the  bird  and  insedl,  the  stroke  in  the  insedl  being,  as  a  rule, 
nearly  horizontal,  that  in  the  bird  nearly  vertical.* 

Professor  Marey,  in  his  first  paper  on  flight,  communi- 
cated to  the  French  Academy  of  Sciences,!  delineates  the 
wings  of  the  wasp  as  making  vertical  figure-of-8  loops. 
Now  this  never  happens  in  the  wasp.  The  figure-of-8  loops 
made  by  the  wing  of  the  wasp,  as  Dr.  Pettigrew  has  shown, 
are  so  oblique  as  to  be  nearly  horizontal. 

Professor  Marey,  in  his  latest  work,  has  corredted  this 
mistake]:^  and  has  delineated  the  horizontal  figure-of-8  loops 
made  by  the  wing  of  the  insedt  in  a  figure  nearly,  if  not 
identical,  with  a  similar  figure  by  Dr.  Pettigrew. 

Professor  Marey's  figure  occurs  at  page  200  of  his  new 
work  (1874),  that  of  Dr.  Pettigrew's  at  page  338  of  his 
memoir,  **  On  the  Physiology  of  Wings."  (Trans.  Roy.  Soc. 
Edin.,  vol.  xxvi.,  1870).  || 

A  careful  comparison  of  the  figures  in  question  will  show 
that  Professor  Marey's  figure  is,  or  may  be,  a  transcript  of 
Dr.  Pettigrew's.  And  this  remark  applies  not  only  to  the 
figure  as  a  whole,  but  to  all  its  details ;  first,  to  the  hori- 
zontal dire<5lion  of  the  figure-of-8  loops,  made  by  the  wing 

•  The  following  is  the  account  given  by  Dr.  Pettigrew :  **  The  diredion  of 
the  stroke  varies  slightly  according  to  circumstances,  but  it  will  be  quite 
proper  to  assume  that  the  wing  of  the  insed^  is  made  to  vibrate  in  a  more  or 
less  hofiMontal  diredion,  and  that  of  the  bird  or  bat  in  a  more  or  less  vertical 
diredtion.  By  a  slight  alteration  in  the  position  of  the  body,  or  by  a  rotation 
of  the  wing  in  the  direction  of  its  length,  the  vertical  diredion  of  the  stroke  is 
converted  into  a  horizontal  diredion,  and  vice  versa, 

"  The  facility  with  which  the  diredion  of  the  stroke  is  changed  is  greatest  in 
inseds ;  it  is  not  uncommon  to  see  them  elevate  themselves  by  a  figure-of-8 
horizontal  screwing  motion,  and  then  suddenly  changing  the  horizontal 
screwing  into  a  more  vertical  one,  to  dart  rapidly  forward  in  a  curved  line." — 
Trans.  Roy.  Soc.  Edin.,  vol.  xxvi.,  p.  335. 

f  Physiologie — Determination  ^xperimentale  du  movement  des  ailes  des 
insedes  pendant  le  vol.  Par  M.  £.  J.  Marby.  Comptes  Rendus,  torn.  Ixvii., 
No.  26,  December  28th,  1868,  p.  1341. 

X  Professor  Marey  remarks — "  We  need  only  observe  the  flight  of  certain 
inseds,  the  common  fly  for  instance,  and  most  of  the  other  Diptera,  to  see  that 
the  plane  in  which  the  wings  move  t5  not  vertical^  but,  on  the  contrary,  very 
nearly  horizontaV^ — (Animal  Mechanism,  1874,  p.  204). 

II  Figs*  5  And  6  more  especially. 
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in  space ;  secondly,  to  the  reversal  of  the  planes  of  the 
wing  as  the  wing  flies  to  and  fro,  i.e.,  during  a  revolution ; 
and  thirdly,  to  the  varying  angles  made  by  the  surfaces  of 
the  wing  with  the  horizon,  when  the  wing  is  made  to 
vibrate. 

Surely  this  is  more  than  a  mere  coincidence ! 

Then  how  strangely  Professor  Marey  has  blundered  as  to 
the  diredlion  of  the  stroke,  when  this  is  vertical.  Thus  he 
represents  the  wing  (p.  195,  fig.  82)  as  descending  in  a 
downward  and  backward  diredlion,  and  as  ascending  in  an 
upward  and  backward  direction.  Now  this  is  simply  a 
physical  impossibility,  and  clearly  shows  that  Professor 
Marey  has  failed  to  interpret  the  tracings  obtained  from  the 
wing  by  his  so-called  graphic  method. 

The  arrows  in  Professor  Marey *s  figure-of-8  (vide  figure  82), 
depidling  the  movements  of  the  wing  in  space,  should,  in 
reality,  be  reversed.  To  get  a  continuous  series  of  figure- 
of-8  loops,  or  of  forward  curves,  chara(5teristic  of  progressive 
flight,  the  wing  must  descend  and  ascend  always  in  a  forward 
direction,  as  described  and  figured  by  Dr.  Pettigrew.*  The 
tracings  obtained  by  Professor  Marey  himself  show  this 
conclusively. 

At  page  201  of  the  work  under  consideration.  Professor 
Marey  describes  his  artificial  wing  as  consisting  of  a  rigid 
main  rib  in  front  and  a  flexible  sail  behind,  from  which  it 
follows  that  he  is  not  even  now  aware  that  a  natural  wing, 
and  a  properly  constructed  artificial  one,  are  flexible  and 
elastic  throughout. 

Professor  Marey  is  wrong,  when  he  states  that  the  ante- 
rior margin  of  the  wing  of  the  insedt  is  rigid.  The  following 
are  his  words  : — 

**  These  experiments  prove  that  the  insedl  needs,  for  the  due  fan^ion  of 
flight,  a  rigid  main  rib  and  a  flexible  membrane.  If  we  cover  the  flexible  part 
of  the  wing  with  a  coating  which  hardens  as  it  dr'iesj  flight  is  prevented.  We 
hinder  it  also  by  destroying  the  rigidity  of  the  anterior  nervure,** — P.  208. 

Dr.  Pettigrew,  in  his  memoir  "  On  the  Physiology  of 
Wings,"  expresses  the  fadls  in  very  few  words  : — 

**  The  wing  of  a  flying  creature .  .  .  .  u  not  rigid*\  .  .  .    That  the  anterior 

*  According  to  this  authority,  **  a  natural  wing,  or  a  properly  constructed 
artificial  one,  cannot  be  depressed  either  vertically  downwardst  or  downwards 
ATid  backwards.  It  will  (the  writer  would  say  *  does')  of  necessity  descend 
downwards  and  forwards  in  a  curve.  This  arises  from  its  being  flexible  and 
elastic  throughout,  and  in  especial  from  its  being  carefully  graduated  as 
regards  thickness,  the  tip  being  thinner  and  more  elastic  than  the  root,  and 
the  posterior  margin  than  the  anterior  margin.** 

f  This  is  again  insisted  upon  in  *' Animal  Locomotion,*'  p.  240,  where  Dr. 
Pettigrew  remarks,  when  speaking  of  the  construAion  of  an  artificial  wave 
wing  on  the  insed  type,  "  It  should  be  flexible  and  elastic  throughout.** 
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margin  of  the  wing  should  not  be  composed  of  a  rigid  rod  maybe  demonstrated 
in  a  variety  of  ways.  If  a  rigid  rod  be  made  to  vibrate  by  the  hand,  the  vibra- 
tion is  not  smooth  and  continuous;  on  the  contrary,  it  is  irregular  and  jerky ^ 
and  charadlerised  by  two  pauses^  the  one  occurring  at  the  end  of  the  up  stroke, 
the  other  occurring  at  the  end  of  the  down  stroke.  The  wing  to  be  eiredive  as 
an  elevating  and  propelling  organ  should  have  no  dead  points,  and  should  be 

charaderised  by  a  rapid  winnowing  or  fanning  motion If  a  longitudinal 

sedlion  of  bamboo  cane  has  added  to  it  tapering  rods  of  whalebone  which 
radiate  in  an  outward  diredion,  and  this  (framework)*  be  covered  by  a  thin 
sheet  of  india-rubber  (gutta-percha  tissue),  an  artificial  wing,  resembling  the 

natural  one  in  all  its  essential  points,  is  at  once  produced If  this  wing 

be  made  to  vibrate  by  its  root,  a  series  of  longitudinal  and  transverse  waves  are 
at  once  formed,  the  one  series  running  in  the  diredion  of  the  length  of  ths 
wingt  the  other  in  the  diredion  of  its  breadth.    The  wing  further  twists  and 

untwists  during  the  down  aiid  up  strokes This  form  of  wing,  which 

may  be  regarded  as  the  realisation  of  the  figure-of-8  theory  of  flight,  elevates 
and  propels  both  during  the  down  and  up  strokes,  and  its  working  is  accom- 
panied with  almost  no  slip.     It  seems  literally  to  float  upon  the  air.f 

"  No  wing  that  is  rigid  in  the  anterior  margin  can  twist  and  untwist  during 
its  action  f  and  produce  the  figure -of -%  curves  generated  by  the  living  wing.  To 
produce  the  curves  in  question,  the  wing  must  be  flexible,  elastic,  and  capable 
of  change  of  form  in  all  ifis  parts."^ 

In  one  part  of  his  new  work,  indeed  (vi2.,  at  p.  198), 
Professor  Marey  seems  to  have  largely  profited  by  the 
observations  and  experiments  of  Dr.  Pettigrew,  as  given 
above ;  for  he  states  that,  if  rapid  to-and-fro  movements  in 
a  vertical  plane  be  given  to  a  ''flexible  shaft"  (mark,  the 
shaft  is  no  longer  described  as  rigid),  to  which  he  affixes  a 
membrane  similar  to  that  found  in  the  wings  of  insedls — to 
use  his  own  words — this  flexible  shaft  will  then  represent  the 
main  rib  of  the  wing ;  and  we  shall  see  this  contrivance 
execute  all  the  movements  which  the  wing  of  the  insedt 
describes  in  space."  **  If,"  he  says,  "  we  illuminate  the 
extremity  of  this  artificial  wing,  we  shall  see  that  its  point 
describes  the  figure  8  like  a  real  wing ;  we  shall  observe  also 
that  the  plane  of  the  wing  changes  twice  during  each  revolution^ 
in  the  same  manner  as  in  the  insedl  itself." — ("Animal 
Mechanism,"  p.  198). || 

Professor  Marey,  it  will  be  observed,  claims  for  his 
artificial  wing  similar  properties  to  those  originally  claimed 
by  Dr.  Pettigrew  for  his  artificial  wing.  Thus  Dr.  Pettigrew 
states  {op.  cit.j  pp.  421,  423),  that  if  the  anterior  or  thick 
margin  of  his  artificial  wave  wing  be  diredled  upwards,  and 

*  The  words  in  brackets  are  ours. 

f  Trans.  Roy.  Soc.  Edin.,  vol.  xxvi.,  1870,  pp.  408,419,  420,  and  422. 

X  Physiology  of  Wings.  By  J.  Bell  Pettigbew,  M.D.,  F.R.S.,  p.  422. 
(Trans.  Roy.  Soc.  Edin.,  vol.  xxvi.,  1870). 

II  The  above  remarks  of  Professor  Marey  are  worth  studying;  for  two 
reasons :  first,  because  they  are  so  confirmatory  of  all  Dr.  Pettigrew  had 
written  about  xh^  flexibility  of  the  main  nervure  of  an  insed's  wing ;  secondly, 
they  contrast  so  strangely  with  the  rigid  main  rib,  at  pp.  201  and  308  of 
Marey*s  work  before  cited.*' 
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the  wing  made  to  vibrate,  it  will  fly  in  an  upward  direction 
with  an  undulating  motion ;  that  if  the  anterior  or  thick 
margin  of  the  wing  be  directed  downwards,  the  wing  will 
describe  a  waved  track  and  fly  downwards;  and  if  the  under 
surface  of  the- wing  makes  no  angle,  or  a  very  small  angle 
with  the  horizon,  it  will  dart  forward  in  a  series  of  curves  t» 
a  horizontal  direction. 

Similarly,  Prof.  Marey  says  (p.  207)  that  if  the  anterior 
margins  of  the  main  ribs  of  his  artificial  insedt  be  inclined 
upwards,  the  insedt  rises  vertically^  and  that  if  the  anterior 
margins  of  the  main  ribs  be  turned  downwards  a  descending^ 
vertical  force  is  developed ;  and  that  if  the  main  ribs  be  turned 
upwards,  and  slightly  forward,  it  developes  the  force  which 
sustains  it  in  the  air,  and  diredts  its  course  in  space. 

We  may  point  out  many  other  parallel  passages.  Dr* 
Pettigrew  states  (op.  cit.,  p.  335) — 

**  The  diredlion  of  the  stroke  varies  slightly,  according  to  circumstances  ; 
but  it  will  be  quite  proper  to .  assume  that  the  wing  of  the  insed  is  made  to 
vibrate  in  a  more  or  less  horizontal  direction,  and  that  of  the  bird  and  bat  in  a 
more  or  less  vertical  direction.  By  a  slight  alteration  in  the  position  of  the 
body  or  by  a  rotation  of  the  wing  in  the  dire^ion  of  its  length,  the  vertical 
diredion  of  the  stroke  is  converted  into  a  horizontal  diredion,  and  vice  versa. 

'*  The  facility  with  which  the  diredion  of  the  stroke  is  changed  is  greatest 
in  inseds ;  it  is  not  uncommon  to  see  them  elevate  themselves  by  a  figure-of-S 
horizontal  screwing  movement,  and  then  suddenly  changing  the  horizontal 
screwing  into  a  more  vertical  one,  to  dart  rapidly  forward  in  a  curved  line." 

Compare  with  the  foregoing  the  following  from  Professor 
Marey 's  new  work  (p.  207) : — 

**  When  an  insed  hovers  over  a  flower,  and  we  see  it  illuminated  obliquely 
by  the  setting  sun,  we  may  satisfy  ourselves  that  the  plane  of  oscillation  of 
its  wings  is  nearly  horizontal.  This  inclination  must  evidently  be  modified  as 
soon  as  the  insed  wishes  to  dart  off  rapidly  in  any  diredion ;  but  then  the  eye 
can  scarcely  follow  it  and  deted  the  change  of  plane,  the  existence  of  which 
we  are  compelled  to  admit  by  the  theory  and  the  experiments  already 
detailed." 

When  speaking  of  the  wing  of  the  bird,  Dr.  Pettigrew 
points  out  (Trans.  Linn.  Soc,  vol.  xxvi.,  p.  242)  that — 

**  The  anterior  or  thick  margin  of  the  wing  and  the  posterior  or  thin  margin 
present  different  degrees  of  curvature,  so  that  under  certain  conditions  the 
two  margins  cross  each  other,  and  form  a  true  helix.  The  anterior  margin 
presents  two  well-marked  curves,  a  corresponding  number  being  found  on  the 
posterior  margin. 

**  These  curves  may,  for  the  sake  of  clearness,  be  divided  into  axillary  and 
distal  curves ;  the  former  occurring  towards  the  root  of  the  wing,  the  latter 
towards  the  extremity. 

'*  The  anterior,  axillary,  and  distal  curves  completely  reverse  themselves 
during  the  ads  of  extension  and  flexion,  and  so  of  the  posterior,  axillary,  and 
distal  curves." 

In  like  manner  Prof.  Marey,  in  his  first  chapter  on  the 
flight  of  birds  (at  p.  210),  says  that — 

"  If  we  take  a  dead  bird  and  spread  out  its  wings  ...  we  see  that,  at  dif- 
ferent points  in  its  length,  the  wing  presents  very  remarkable  changes  of  plane. 
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At  the  inner  part,  towards  the  body,  the  wing  inclines  considerably  hoik  down- 
wards and  backwards,  while  near  its  extremity  it  is  horisontal,  and  sometimes 
slightly  turned  up,  so  that  its  under  surface  is  directed  somewhat  backward.*'* 

It  is  worthy  of  remark  that  the  curves  of  the  wing 
described  and  delineated  by  Dr,  Pettigrew  are  reproduced  by 
Prof.  Marey  (compare  Figs.  68,  69,  and  70  of  Dr.  Pettigrew's 
1867  memoir,  Linn.  Soc.  Trans.,  vol.  xxvi.,  with  the  right 
wing,  Fig.  89,  p.  210,  of  Prof.  Marey*s  new  volume). 

When  speaking  of  the  duration  of  the  down  and  up 
strokes.  Dr.  Pettigrew  observes  (Trans.  Linn.  Soc,  vol.  xxvi., 
p.  261) : — 

*'  In  birds  which  gh'de  or  skim,  it  has  appeared  to  me  that  the  wing  is  reco- 
vered much  more  quickly,  and  the  downward  stroke  is  delivered  much  more 
slowly,  than  in  ordinary  flight ;  in  fad,  that  the  rapidity  with  which  the  wing 
adts  in  an  upward  and  downward  diredion  is,  in  some  instances,  more  or  less 
reversed  ;  and  this  is  what  we  would  naturally  exped  if  we  recoiled  that  in 
gliding  the  wings  require  to  be,  for  the  most  part,  in  the  expanded  condition.** 

Prof.  Marey  writes  in  a  similar  strain.     He  states — 

"  Experiment  proves  that  the  wing  of  the  bird  is  raised  more  quickly  than 

*  it  descends." — (P.  212.)  ..."  Contrary  to  the  opinion  entertained  by  some 

writers,  the  duration  of  the  depression  of  the  wing  is  usually  longer  than  that  of 

its  rise.    The  inequality  of  these  two  periods  is  more  distindly  seen  in  birds 

whose  wings  have  a  large  surface  and  which  beat  slowly." — (P.  228.) 

Weight,  according  to  Dr.  Pettigrew,  contributes  to  hori- 
zontal flight.  In  illustration  he  states  (Trans.  Roy.  Soc. 
Edin.,  vol.  xxvi.,  pp.  355,  356)— 

**  If  two  quill-feathers  are  fixed  in  an  ordinary  cork,  and  the  apparatus 
allowed  to  drop  from  a  height,  the  cork  does  not  fall  vertically  downwards,  but 
downwards  and  forwards  in  a  curve.  When  artificial  wings,  construded  on 
the  principle  of  natural  ones,  are  allowed  to  drop  from  a  height,  they  describe 
double  curves  in  falling,  the  roots  of  the  win^  reaching  the  ground  first,  which 
proves  the  greater  buoying  power  of  the  tips  of  the  wings.  Weight,  when 
ading  upon  wings,  must  be  regarded  as  an  independent  moving  power."  .  .  . 
**  The  wings  of  the  bird  form  a  natural  parachute,  from  which  the  body  depends 
both  during  the  down  and  up  strokes." — (P.  371.) 

Prof.  Marey  performs  similar  experiments,  and  arrives  at 
similar  conclusions.  Thus  he  explains  (p.  217)  that  if  a 
sheet  of  paper  folded  in  the  middle,  with  a  wire  loaded  at 
one  end  and  fixed  in  the  bent  portion,  be  allowed  to  fall,  the 
apparatus  will  not  descend  vertically,  but  will  follow  an 
oblique  trajectory)  and  that  if  the  corners  of  the  paper  be 
bent,  and  the  concavity  dire(5led  downwards,  the  apparatus 
will  in  falling  describe  a  double  curve. 

**  The  wings  are  attached  exadly  at  the  highest  part  of  the  thorax,  and 
consequently,  when  the  outstretched  wings  ad  upon  the  air  as  a  fulcrum,  aU 
the  weight  of  the  body  is  placed  below  this  surface  of  suspension.    Thus  the 

*  It  is  evident,  from  the  succeeding  paragraph  to  above  quotation  from 
**  Animal  Mechanism,"  that  Prof.  Marey  had  read  Dr.  Pettigrew*8  observatioofl 
to  which  we  have  just  referred. 
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heaviest  part  is  placed  as  low  as  possible  beneath  the  point  of  suspension. 
The  bird,  as  it  descends  with  its  wings  outspread,  will  thus  present  its  ventral 
region  downwards,  without  its  being  necessary  to  make  an  effort  to  keep  its 
equilibrium;  it  will  take  this  position  passively,  like  a  parachute  set  free  in 
space,  or  like  the  shuttlecock  when  it  falls  upon  the  battledore.** — ("  Animal 
Mechanism,"  p.  216.) 

Dr.  Pettigrew  likens  the  wing  of  the  bird  to  a  boy's  kite 
(Proc.  Roy.  Inst,  of  Great  Britain,  March  22,  1867) — 

*•  The  wing  of  the  bird  acts  after  the  manner  of  a  hoy*s  kite^  the  only  dif- 
ference being  that  the  kite  is  pulled,  forwards  upon  the  wind  by  the  string  and 
the  handf  whereas  in  the  bird  the  wing  is  pushed  forwards  on  the  wind  by  the 
weight  of  the  body  and  the  life  residing  in  the  pinion  itself.'* 

Similar  in  substance  is  the  subjoined  passage  from  Prof. 
Marey  (p.  220)  : — 

"  In  the  last  two  forms,  the  wing,  direded  more  or  less  obliquely,  derives 
its  point  of  resistance  from  the  air,  like  the  child's  plaything  called  a  kitiy  but 
with  this  difference — that  the  velocity  is  given  to  the  kite  by  the  tractile  force 
exerted  on  the  string  when  the  air  is  calm,  while  the  bird  when  it  hovers 
utilises  the  speed  which  it  has  already  acquired  either  by  its  oblique  fall  or  by 
the  previous  flapping  of  its  wings." 

Dr.  Pettigrew  attaches  great  importance  to  the  activity  of 
the  wing  and  its  small  size.  Thus  he  remarks  (Trans.  Roy. 
Soc.  Edin.,  vol.  xxvi.,  p.  408) — 

**  The  surface  exposed  by  a  natural  wing,  when  compared  with  the  great 
weight  it  is  capable  of  elevating,  is  remarkably  small.  This  is  accounted  for 
by  the  length  and  great  range  of  motion  of  natural  wings,  the  latter  enabling 
the  wings  to  convert  large  trads  of  air  into  supporting  areas.  It  is  also  ac- 
counted for  by  the  multiplicity  of  the  movements  of  natural  wings,  these 
enabling  the  pinions  to  create  and  rise  upon  currents  of  their  own  forming, 
and  to  seledt  and  utilise  existing  currents."  .  .  .  *'  The  problem  of  flight  would 
seem  to  resolve  itself  into  one  of  weight,  power,  velocity,  and  small  surfaces,  as 
against  comparative  levity,  debility,  diminished  speed,  and  extensive  surfaces." 
—(P.  386-) 

Analogous  in  many  respecSts  to  the  foregoing  is  the  fol- 
lowing from  Prof.  Marey  (p.  222) : — 

**  The  part  played  by  the  wing  in  flight  is  not  merely  passive,  for  a  sail  or  a 
parachute  ought  always  to  have  a  surface  in  proportion  to  the  weight  which  it 
has  to  support ;  but,  on  the  contrary,  when  considered  *in  its  proper  point  of 
view,  as  an  organ  which  strikes  the  air,  the  wing  of  the  bird  ought,  as  we 
shall  see,  to  present  a  surface  relatively  less  in  birds  of  a  large  sise  and  of 
great  weight."  * 

Again  : — 

'*  Animals  of  large  size  and  great  weight  sustain  themselves  in  the  air  with 
a  much  less  proportionate  surface  of  wing  than  those  of  smaller  size." — (P.  222.) 

Dr.  Pettigrew  dwells  upon  the  relative  speed  attained  by 
the  different  parts  of  the  wing  (Trans.  Roy.  Soc.  Edin.,  vol. 
xxvi.,  pp.  399 — ^442).  He  says  the  wing  as  a  rule  is  long  and 
narrow. 

**  As  a  consequence  a  comparatively  slow  and  very  limited  movement  at  ths 
root  confers  great  range  and  immense  speed  at  the  tip,  the  speed  of  each  portion 
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of  the  wing  increasing  as  the  root  of  the  wing  is  receded  from."  ..."  The 
small  humming  bird,  in  order  to  keep  itself  stationary  before  a  flower,  requires 
to  oscillate  its  tiny  wings  with  great  rapidity,  whereas  the  large  humming  bird 
can  attain  the  same  objed  by  flapping  its  large  wings  with  a  very  slow  and 
powerful  movement.*'  ...  **  In  the  larger  birds  the  movements  are  slower  in 
proportion  to  the  size,  and  more  especially  in  proportion  to  the  length,  of  the 
wing.  This  leads  me  to  conclude  that  very  large  wings  may  be  driven  with  a 
comparatively  slow  motion." 

Professor  Marey  illustrates  the  same  points  as  under 
(p.  224)  :— 

**  It  is  not  immaterial  whether  the  surface  which  strikes  the  air  has  its  max- 
imum near  the  body  or  near  the  extremity  ;  these  two  points  have  very  dijferent 
velocities.  For  an  equal  extent  of  surface  the  resistance  will  be  greater  at  the 
point  of  the  wing  than  at  its  base." 

Again  (p.  226) : — 

"  It  can  be  proved  that,  if  the  strokes  of  the  wing  were  as  frequent  in  large 
as  in  small  birds,  each  stroke  would  have  a  velocity  whose  value  would  in- 
crease with  the  size  of  the  bird;  and  as  the  resistance  of  the  air  increases,  for 
each  element  of  the  surface  of  the  wing,  according  to  the  square  of  the  velo- 
city of  that  organ,  a  considerable  advantage  would  result  to  the  bird  of  large 
sise,  as  to  the  worh  produced  upon  the  air." 

Dr.  Pettigrew  shows  that  the  vigour  with  which  the  wing 
is  propelled  varies  according  as  the  bird  is  rising,  falling,  or 
progressing  in  a  horizontal  dire<5lion  (Trans.  Linn.  Soc,  vol. 
xxvi.,  pp.  227,  260,  261).     He  observes : — 

*'  All  birds  which  do  not,  like  the  swallow  and  humming  birds,  drop  from  a 
height,  raise  themselves  at  first  by  a  vigorous  leap,  in  which  they  incline  their 
bodies  in  an  upward  diredion.  By  a  few  sweeping  strokes^  delivered  down- 
wards and  forwards,  in  which  the  wings  are  nearly  made  to  meet  above  and 
below  the  body,  they  lever  themselves  upwards  and  forwards,  and  in  a  sur- 
prisingly short  space  of  time  acquire  that  degree  of  momentum  which  greatly 
assists  them  in  their  future  career."  ..."  The  forward  movement  of  the  wing 
during  the  down  or  effedive  stroke  is  particularly  evident  in  birds  when  rising, 
the  wing  on  such  occasions  being  urged  with  unusual  vigour." — (P.  227,  op.  cit.) 

**  When  the  bird  has  elevated  itself  to  the  desired  height,  the  length  of  the 
downward  stroke  is  generally  curtailed^  the  mere  extension  and  flexion  of  the 
wing,  assisted  by  the  weight  of  the  body,  in  some  cases  sufficing  for  the  ordi- 
nary purposes  of  flight.  This  is  especially  the  case  if  the  bird  is  advancing 
against  a  slight  breeze.** — (Pp.  260  and  261.)  '*  If  birds  wish  to  descend,  they 
may  reverse  the  diredion  of  the  inclined  plane,  and  plunge  head  foremost 
with  extended  wings ;  or  they  may  flex  the  wings,  and  so  accelerate  their 
pace ;  or  they  may  raise  their  wings,  and  drop  parachute  fashion  ;  or  they  may 
even  fly  in  a  downward  diredion — a  few  sudden  strokes^  a  more  or  less  abrupt 
curve,  and  a  certain  degree  of  horizontal  movement,  being  in  either  case 
necessary  to  break  the  fall  previous  to  alighting." — (P.  262,  op.  cit.) 

Prof.  Marey,  as  the  annexed  passages  show,  also  adverts 
to  the  relative  frequency  and  force  with  which  the  wing  is 
urged  in  ascending,  descending,  and  horizontal  flight,  though 
less  fully  than  Dr.  Pettigrew  does  : — 

"  The  frequency  of  the  strokes  of  the  wing  varies  also  according  as  the  bird 
is  first  starting  in  full  flight  or  at  the  end  of  its  flight.*' — (P.  228,  **  Animal 
Mechanism.") 


i875«]  Aerial  Locomotion.  247 

Again : — 

**  .Confining  the  question  within  these  limits,  experiment  shows  that  the 
strokes  of  the  bird's  wing  differ  in  amplitude  and  in  frequency  from  one  mo-> 
ment  to  another  as  they  fly.  When  they  first  start  the  strokes  are  rather  fewer, 
but  much  more  energetic ;  they  reach,  after  two  or  three  strokes  of  the  wing, 
a  rhythm  almost  regular,  which  they  lose  again  when  they  are  about  to  settle,^* 
—(P.  234,  op,  cit.) 

Dr.  Pettigrew  lays  especial  emphasis  on  the  elliptical 
movements  made  by  the  wing  off  the  bird  (Trans.  Linn.  Soc, 
vol.  xxvi.)     Thus  he  remarks  : — 

**  During  extension  the  elbow  and  bones  of  the  fore-arm,  particularly  their 
distal  extremities,  describe  an  upward  curve.  During  flexion  the  elbow  and 
bones  referred  to  describe  another  but  opposite  curve.  The  movementiT 
described  by  the  elbow-joint  during  extension  and  flexion  may  consequently 
be  represented  by  ail  ellipse  or  ovoid." — (P.  248,  op.  cit.,  Diagrams  8  to  15 
more  especially.) 

Prof.  Marey  follows  Dr.  Pettigrew  in  the  matter  of  these 
elliptical  movements.     He  says  : — 

**  During  the  whole  of  the  bird's  flight  the  registering  lever  described  a  kind 
of  ellipse,"  .  .  .  *'  All  our  exp^iments  have  shown  that  birds  of  diflerent  spe- 
cies describe  with  their  wings  an  elliptical  trajectory," — (P.  242.) 

Again  : — 

'*  In  fad,  the  bone  of  the  wing  in  each  describes  a  kind  of  irregular  ellipse,' 
with  its  greater  axis  inclined  downwards  and  forwards," 

Dr.  Pettigrew  represents  the  wing  of  the  bird  as  oscillating 
on  two  separate  axes, — the  one  running  parallel  with  the 
bird,  the  other  at  right  angles  to  it, — and  adds  (in  his  1867 
memoir  to  the  Linnean  Society,  p.  243) — 

"  The  wing  may  be  said  to  agitate  the  air  in  two  principal  diredions,  viz., 
from  within  outward  or  the  reverse,  and  from  behind  forward  or  the  reverse, 
ihe  agitation  in  question  producing  two  powerful  pulsations — a  longitudinal 
and  a  lateral." 

Prof.  Marey  gives,  more  briefly  but  yet  in  very  similaf 
terms,  the  same  statement.     He  says  (p.  247) — 

« 

**  That  a  bird  passes  through  a  double  oscillatory  movement,  in  a  vertical 
|)tane,  for  each  revolution  of  its  wings.'* 

Dr.  Pettigrew  describes  and  delineates  the  wing  of  the 
bird  as  advancing  in  a  curved  Hne,  both  when  it  rises  and 
falls.  He  observes  (Trans.  Linn.  Soc,  vol.  xxvi.,  pp.  214 
and  233)— 

**  In  the  water  the  wing  strikes  downwards  and  backwards  (and  ads  as  an 
auxiliary  of  the  foot),  whereas  in  the  air  it  strikes  downwards  and  forwards. 
...  To  counteract  the  tendency  of  the  bird  in  motion  to  fall  in  a  downward 
and  forward  diredion,  the  stroke  is  delivered  in  the  direction  in  which  falling 
would  naturally  occur, — the  kite-like  adtion  of  the  wing,  and  the  rapidity  with 
which  it  is  moved,  causing  the  masd  of  the  bird  to  pursue  a  more  or  less  hori- 
zontal diredion.  I  offer  this  explanation  of  the  adion  of  the  wing  in  and  out 
of  the  water  after  repeated  and  careful  observation  in  tame  and  wild  birds, 
find,  as  I  am  aware,  in  opposition  to  all  previoub  writers  on  the  subjed." 

VOL.  V.  (N.S.)  2  i 
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Prof.  Marey  again  corroborates  Dr.  Pcttigrew's  original 
observations,  as  the  subjoined  extradt  from  "  Animal 
Mechanism  **  will  show  (p.  254) : — 

**  The  inspedion  of  the  curve  shows  us  also  that  the  pigeon's  wing  was 
carried  more  especially  in  the  diredion  of  the  upper  parts,  similar  to  the 
point  A ;  in  other  terms,  that  the  forward  predominated  over  the  backward 
movement," 

Dr.  Pettigrew  describes  and  figures  the  body  of  the  bird 
in  flight  as  alternately  rising  and  falling  in  forward  curves, 
the  curves  described  by  the  body  being  the  opposite  of  those 
described  by  the  wing,  those  movements  being  due  to  a  kite- 
like adlion  of  the  wings  (Trans.  Roy.  Soc.  Edin.,  vol.  xxvi., 
pp.  343,  344).     Thus  Dr.  Pettigrew  remarks  : — 

"  It  is  a  condition  of  natural  wings,  and  of  artificial  wings  constnided  on 
the  principle  of  living  wings,  that,  when  forcibly  elevated  or  depressed,  even 
in  a  stridlly  vertical  diredion,  they  inevitably  dart  forward.  In  both  cases  the 
wing  describes  a  waved  tracks  which  clearly  shows  that  the  wing  strikes 
downwards  and  forwards  during  the  down  stroke,  and  upwards  and  forwards 
during  the  up  stroke.  The  wing,  in  fadl,  is  always  advancing,  its  under 
surface  attacking  the  air  like  a  boy^s  kite.**  .  ..."  As  the  body  of  the 
insed,  bat,  and  bird,  falls  forward  in  a  curve  when  the  wing  ascends,  and  is 
elevated  in  a  curve  when  the  wing  descends,  it  follows  that  the  trunk  of  tks 
animal  is  urged  along  a  waved  line,  I  have  distindlly  seen  the  alternate  rise 
and  fall  of  the  body  and  wing,  when  watching  the  flight  of  the  gull  from  the 
stern  of  a  steamboat." 

Professor  Marey  writes  in  a  very  similar  strain.  He  asks 
(pp.  264,  265)  :— 

**  But  do  we  find  that  the  bird,  when  suspended  in  the  air,  keeps  at  a  con- 
stant level,  or  does  it  pass  through  oscillations  in  the  vertical  plane  ?  Do  we 
not  experience,  by  the  intermittent  effed  of  the  flapping  of  its  wings,  rising' 
and  falling  motionst  of  which  the  eye  can  deted  neither  the  frequency  nor 
extent  ?  Again,  does  not  the  bird  advance  in  its  onward  course,  with  variable 
rapidity  ?  Shall  we  not  find  in  the  adion  of  its  wings  a  series  of  impulses, 
which  give  to  its  advancing  course  a  jerking  motion  ?  These  queries  can  be 
answered  experimentally."  •  .  .  .  "To  explain  the  ascent  of  the  bird 
during  the  time  of  the  elevation  of  the  wing,  it  seems  indispensable  to  refer  to 
the  effect  of  the  child*s  kite^  to  which  we  have  before  alluded.  The  bird, 
having  acquired  a  certain  velocity,  presents  its  wings  to  the  air  as  inclined 
planes.**  ....**  Thus,  by  registering  at  the  same  time  the  two  orders 
of  oscillation  in  the  flight  of  a  buzzard,  we  find  that  the  phase  of  depression 
of  the  wing  produces  at  the  same  time  the  elevation  of  the  bird  and  the  accele- 
ration of  its  horizontal  swiftness.'' — (P.  269).  .  .  •*  A  part  of  this  resistance, 
viz.,  that  which  is  applied  to  the  lower  surface  of  the  wing^  is  utilised  to 
sustain  the  bird  by  the  kind  of  ad^ion  which  we  have  compared  to  that  of  a 
child's  kite.  It  appears  that  this  adion  is  of  primary  importance  in  the  flight 
of  the  bird.*' — (P.  275).  .  .  "In  the  bird,  one  of  the  phases  of  the  move- 
ment of  the  wing  is,  to  a  certain  extent,  passive ;  that  is  to  say,  it  receives 
the  pressure  of  the  air  on  its  lower  surface^  when  the  bird  is  projected  rapidly 
forward  by  its  acquired  velocity.  Under  these  conditions,  the  whole  bird, 
being  carried  forward  in  space,  all  the  parts  of  the  wing  are  moved  with  the 
same  rapidity,  to  take  advantage  of  the  adion  of  the  air,  which  presses  on  them 
as  on  a  kite,*'— {P.  276). 

Dr.  Pettigrew  explains  that  the  wing  is  a  screw  strudlurally 
and  fuhdlionally  ;   that  it  revolves  on  two  axes   (the   one 
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running  in  the  dire<5lion  of  the  length  of  the  wing,  the  other 
in  the  diredlion  of  its  breadth),  and  that  the  a^ion  of  the 
wing  resembles  the  adlion  of  an  oar  in  sculling.  (Trans. 
Linn.  Soc,  vol.  xxvi.,  pp.  206,  229,  231,  and  266  ;  Proc. 
Roy.  Inst,  of  Gt.  Britain,  March  22,  1867).  Thus,  he  states 
that  :— 

"  In  the  fish,  the  lower  half  of  the  body  and  the  broadly  expanded  tail  are 
applied  to  the  water  very  much  as  an  oar  is  in  sculling."  ....  The  fish  may 
be  said  to  drill  the  water  in  two  diredions,  viz.,  from  behind  forward,  by  a 
twisting  or  screwing  of  the  body  on  its  long  axis,  and  from  side  to  side  by 
causing  its  anterior  and  posterior  portions  to  assume  opposite  curves.  The 
peroral  and  other  fins  are  also  thrown  into  curves  in  adion,  the  movement,  as 
in  the  body  itself,  travelling  in  spiral  waves;  and  it  is  worthy  of  remark  that 
the  wing  of  the  insedt,  bat,  and  bird  obeys  similar  impulses. 

"The  fins  are  rotated  or  twisted,  and  their  free  margins  lashed  about  by 
spiral  movements,  which  closely  resemble  those  by  which  the  wings  of  insedls 

are  propelled That  the  wing  twists  upon  itself  structurally^  not  only 

in  the  insed,  but  also  in  the  bat  and  bird — anyone  may  readily  satisfy  himself 
by  a  careful  examination  ;  and  that  it  twists  upon  itself  during  its  action  I  have 
had  the  most  convincing  and  repeated  proofs."  "  The  wing  of  the  bird  adU  as  a 
twisted  inclined  plane.    In  this  respedt  it  intimately  agrees  with  the  wing  of 

both  the  in8e<5i  and  bat The  twisting  in  question  is  most  marked  in  the 

posterior,  or  thin  margin  of  the  wing,  the  anterior  or  thicker  margin  per- 
forming more  the  part  of  an  axis.  As  the  result  of  this  arrangement,  the 
anterior  or  thick  margin  cuts  into  the  air  quietly,  and  as  it  were  by  stealth, 
the  posterior  one  producing  on  all  occasions  a  violent  commotiont  especially 
perceptible  if  a  flame  be  exposed  behind  the  insedt.** 

Professor  Marey  goes  over  the  same  ground  in  much  the 
same  way.  Thus,  at  pages  107,  109,  198,  208,  210,  211, 
259,  and  261,  he  states  : — 

**  The  oar  is  found  in  many  insedts  which  move  on  the  surface  of  the  water. 
A  contrivance  is  employed  by  other  animals,  which  resembles  the  adtion  of  an 
oar  used  at  the  stern  of  a  boat  in  the  process  called  sculling.  To  the  latter 
motive  power  may  be  referred  all  those  movements  in  which  an  inclined  plant 
is  displaced  in  the  liquid,  and  finds  in  the  resistance  of  the  water  which  it 
presses  obliquely  two  component  forces,  of  which  one  furnishes  a  movement 
of  propulsion."  ....  "  When  a  fish  strikes  the  water  with  his  tail,  in  order 
to  drive  himself  forward,  he  executes  a  double  work,  a  part  tends  to  drive 
behind  him  a  certain  mass  of  fluid  with  a  certain  velocity,  and  the  other 
to  drive  the  animal  forward,  in  spite  of  the  resistance  of  the  surrounding 

water A'irial  Locomotion. — This  mechanism  is  still  the  same  ;  the 

motion  of  an  inclined  plane^  which  causes  motion  through  the  air,  the  wing  in 
fad,  in  the  insed^  as  well  as  in  the  bird,  strikes  the  air  in  an  oblique  manntr, 
repels  it  in  a  certain  diredtion,  and  gives  the  body  a  motion  diredly  opposite." 

'*  Each  stroke  of  the  wing  acts  upon  the  air  obliquely^  and  neutralises 

its  resistance,  so  that  a  horizontal  force  results,  which  impels  the  insedi 
forward.  An  effedl  is  produced  analogous  with  that  which  takes  place  when 
an  oar  is  used  in  the  stern  of  a  boat  in  the  action  of  sculling."  **  Mos^of  the 
propellers  which  adt  in  water  overcome  the  resistance  of  the  fluid  by  the  adtion 
of  an  inclined  plane.  The  tail  of  the  fish  produces  a  propulsion  of  this  kind. 
Even  the  screw  may  be  considered  as  an  inclined  plane^  whose  movement  is 

continuous,  and  always  in  the  same  diredtion We  see  the  main  rib 

(anterior  margin)  of  the  wing  remain  sensibly  immovable,  and  around  it  turns 

the  membranous  portion  (posterior  margin) **  If  this  motion  as  on  a 

pivot  did  not  exist,  the  wing  would  cut  the  air  with  its  edge,  and  would  be 
utterly  incapable  of  producing  flight."  ....  The  wing  presents  very 
rtmarkabU  changes  of  plane  at  the  inner  part  towards  the  body ;  the  wing 


250  Aerial  Locomotion,  [April, 

inclines  considerably  ^  both  doumwards  and  backwards ;  while  near  its  extremity 
it  18  horizontal  and  somewhat  slighty  turned  up."  ....  We  admit  that  the 
wing  revolves  on  an  axis."  ....  ^*  It  was  necessary  therefore,  for  the  lever, 
while  fixed  to  the  feathers  of  the  bird,  to  glide  freely  on  the  rod  in  the  diredion 
of  its  length ;  and  yet  that  it  should  cause  it  to  receive,  under  the  form  of 
forsion,  all  the  changes  of  inclination  that  are  transmitted  to  it  by  the  wings 
of  the  bird."  ....  "  For  this  purpose  we  must  return  to  the  dotted  figure  S, 
which  is  the  impression  of  the  torsions  of  the  wing  of  the  different  instants." 

Dr.  Pettigrew  points  out  that  the  wing  afts  as  a  true 
kite,  both  during  the  down  and  up  strokes.  He  remarks — 
(Trans.  Roy.  Soc.  Edin.,  vol.  xxvi.,  p.  343) : — 

"  If,  as  I  have  endeavoured  to  explain,  the  wing,  even  when  elevated  and 
depressed  in  a  stridly  vertical  diredion,  inevitably  and  invariably  darts  for- 
ward, it  follows,  as  a  consequence,  that  the  wing  flies  forwards  as  a  true  kite, 
both  during  the  down  and  up  strokes,  and  that  its  under  coftcave,  or  biting- 
surface,  in  virtue  of  the  forward  travel  communicated  to  it  by  the  body  in 
motion,  is  closely  applied  to  the  air,  both  during  its  ascent  and  descent ;  a  fad 
hitherto  overlooked,  but  one  of  considerable  importance,  as  showing  how  the 
wing  furnishes  a  persistent  buoyancy  alike  when  it  rises  and  falls.  The  angle 
made  by  the  wing  of  the  bat  and  bird  with  the  horizon  is  constantly  varying, 
as  in  the  insed  wing.*' 

Professor  Marey,  in  his  earlier  writings  ("  Revue  des 
Cours  Scientifiques  de  la  France  et  de  TEtranger,"  Mars, 
1869)  describes  the  wing  as  making  a  backward  angle  of 
45°  with  the  horizon  during  its  descent,  and  a  forward  angle 
of  ^S"*  during  its  ascent. 

This  view  was  shown  by  Dr.  Pettigrew  to  be  untenable, 
and  we  find  it  greatly  modified  in  Professor  Marey 's  later  work. 
Thus,  at  fig.  Ill,  p.  263,  where  the  angles  of  inclination 
made  by  the  wing  during  its  rise  and  fall  are  given,  the 
pnder  surface  of  the  wing  is  represented  as  forming  a  kite, 
during  quite  three-fourths  of  one  entire  revolution  of  the 
wing. 

At  no  point  is  the  wing  represented  as  making,  during  its 
descent,  a  backward  angle  of  45**.  Nor  is  this  all.  At  p.  274, 
Professor  Marey  states  that — 

**  In  free  flight  the  axis  of  the  bird  is  horizontal,  or  rather  turned  somewhat 
upward.  Restored  to  this  proper  position,  a  fresh  diredion  would  be  given  to 
each  of  the  positions  of  the  wing.  Then,  probably,  we  should  see  that  the 
wing  always  presents  its  lower  surface  to  the  air,  as  the  only  one  which  can 
find  in  it  a  point  of  resistance." 

In  this  modified  statement,  as  may  readily  be  perceived, 
we  have  simply  a  repetition  of  Dr.  Pettigrew's  view,  viz., 
*^  that  the  under  surface  of  the  wing  acts  as  a  kite,  both  when 
the  wing  rises  and  falls" 

We  might  greatly  multiply  these  parallel  passages  in 
proof  of  our  original  assertion,  that  in  all  Professor  Marey's 
writings  and  experiments  in  flight,  Dr.  Pettigrew's  original 
discoveries  and  experiments  may  be  traced,  ?.nd  we  may  fairly 
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emphasise  our  other  statement,  "  that  Professor  Marey  has 
done  scant  justice  to  Dr.  Pettigrem. 

This  is  the  more  evident,  as  we  are  given  to  understand 
that  Dr.  Pettigrew's  original  memoirs  and  papers  were  duly 
transmitted  to  Professor  Marey  immediately  after  their  pub- 
lication. 

From  the  foregoing,  it  will  be  evident  that  Professor 
Marey  has  added  comparatively  little  to  the  science  of 
Aerostation.  He  has,  for  the  most  part,  simply  confirmed 
by  experimental  methods,  in  which  he  is  an  adept,  Dr.  Pet- 
tigrew's original  observations  and  experiments,  published 
nearly  two  years  before  his  own  experiments  were  under- 
taken. 

Professor  Marey  is  certainly  not  entitled  to  say,  as  he 
does  at  p.  187,  that  "  notwithstanding  this  apparent  agreement, 
our  theory  and  that  of  Dr.  Pettigrew  differ  materially  from  each 
other:' 

Still  less  is  he  entitled,  virtually,  to  appropriate  Dr.  Pet- 
tigrew's descriptions  and  figures,  without  full  and  fair 
acknowledgment.  Least  of  all  is  he  entitled  to  modify  and 
misrepresent  those  descriptions  and  figures. 

Such  pradlices  sap  the  foundation  of  science. 
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NOTICES      OF      BOOKS. 


The  Aerial  World:  A  Popular  Account  of  the  Phenomena  and 
Life  of  the  Atmosphere.  By  G.  Hartwig,  M.  &  P.D.  London : 
Longmans,  Green,  and  Co.     1874. 

In  this  work  we  find  a  complete  chemical  and  physical  history 
of  the  atmosphere ;  the  fadls  of  all  the  sciences  are  brought 
forward  to  elucidate  the  subjedt :  the  physical  properties  of  the 
atmosphere,  sound  and  echoes,  light  in  connecftion  with  the 
colours  of  the  sky,  heat  in  connedlion  with  the  temperature  of 
the  air,  winds,  &c.,  eledlricity  in  connection  with  thunderstorms, 
St.  Elmo's  fires,  and  eledlrical  meteors ;  of  each  and  all  of  these 
we  have  a  full  description. 

The  first  chapter  treats  of  the  weight  and  pressure  of  the  air. 
In  regard  to  the  eflfedl  of  rarefied  air  on  the  system, the  author 
remarks  that  it  is  scarcely  likely  that  any  one  will  in  future  be 
foolhardy  enough  to  endeavour  to  ascend  above  six  miles,  seeing 
how  nearly  Messrs.  Coxwell  and  Glaisher  lost  their  lives  at  the  time 
of  their  famous  balloon  ascent.  It  has,  however  been  suggested, 
that  people  who  are  in  the  habit  of  living  in  rarefied  air — as  the 
inhabitants  of  Quito  and  Potosi — might  be  able  to  reach  a  greater 
altitude  than  those  who  live  at  or  near  the  level  of  the  sea ;  and 
this  experiment,  which  has  never  been  tried,  is  certainly  worth 
trying.  In  the  course  of  a  few  generations  of  life,  at  high  alti- 
tude, it  is  by  no  means  improbable  that  the  system  might  adapt 
itself  to  the  surrounding  circumstances,  and  that  an  extension  of 
this  rarefadlion  might  be  borne  without  difficulty. 

The  second  chapter  treats  of  the  chemical  composition  of  the 
atmosphere,  and  the  various  gases  which  compose  it  are  de- 
scribed. In  speaking  of  ozone,  the  author  quotes  the  **  Odyssey  " 
to  show  that  the  peculiar  sulphurous  smell  which  accompanies 
manifestations  of  ele<5lricity  has  been  known  from  the  time  of 
Homer.  He  omits,  however,  that  extremely  interesting  philo- 
logical fadl,  that  the  Greek  for  sulphur,  Bitov,  was  derived  from 
this  cause.  Zeus  manifested  himself  by  thunderbolts;  the 
sulphurous  smell  accompanied  such  manifestations;  hence, 
clearly  sulphur,  in  some  way  or  other,  appertains  to  the  gods ; 
hence  it  is  assumed  that  it  was  called  9hov  {9iiog)  ;  and  we 
have  the  echo  of  the  old  Greek  word  in  some  of  our  more  com- 
plex sulphur  acids — trithionic,  tetrathionic,  pentathionic.  In 
the  third  chapter  we  are  introduced  to  the  science  of  Acoustics, 
and  come  again  to  the  mighty  Zeus,  in  whose  forest  of  Dodona 
the  rustling  of  the  oak  leaves  was  believed  to  be  the  voice  of  the 
god  himself.  It  is  thus  that  the  author  blends  mythology  and 
history  with  the  more  sober  fa<5ls  of  science.    The  fifth  chapter 
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contains  some  interesting  remarks  concerning  the  colours  of  the 
sky,  which  question  has  been  debated  any  time  since  that  of 
Leonardo  da  Vinci.  He  and  many  subsequent  writers  attributed 
the  celestial  blue  to  a  mixture  of  the  light  refledled  from  terres- 
trial substances  with  the  darkness  of  space.  Goethe,  in  his 
**  Farbenlehre,"  revives  the  same  idea :  he  points  out  that,  when 
we  look  through  a  turbid  medium  which  is  illuminated,  at  a  black 
background,  the  medium  appears  to  be  blue ;  while  light  itself, 
viewed  through  such  a  medium,  is  yellow  or  red.  He  points 
out  also  the  blueness  of  distant  mountains,  and  of  smoke  seen 
in  particular  lights.  The  author  then  alludes  to  Tyndall's  ex- 
periments, and  with  him  concludes  that  the  blue  colour  of  the 
sky  is  due  to  the  presence  of  extremely  minute  particles  of  water. 
On  pp.  80-81,  we  find  a  few  inaccuracies  of  printing;  thus  tem- 
peratures are  written  like  degrees  of  arc,  17**  6'  F.  50°  4',  and 
(p.  81)  the  minus  is  omitted  in  stating  extremes  of  cold: — 53",  58% 
The  table  pp.  82-83,  is  also  printed  rather  carelessly  in  the  case 
of  the  Latitude  column.  Among  the  low  European  temperatures 
we  find  —5°  F.  near  London,  —  io'5' in  Paris,  —22°  in  Hamburg, 
—  37*  in  St.  Petersburg,  —44*'  in  Moscow,  and  -58°  at  Enontekis 
in  Lapland.  The  records  of  several  winters  in  Europe  are  most 
surprising;  it  is  said  that  in  860  and  1234  the  Adriatic  was 
frozen  over,  and  goods  were  transported  from  Venice  to  the 
opposite  Dalmatian  coast,  over  the  ice.  In  1364  all  the  rivers 
of  France  were  frozen  over,  and  the  ice  on  the  Rhone  was 
15  feet  thick.  The  winter  of  1788-89  appears  to  have  been  one 
of  the  severest  on  record.  The  Rhone  was  frozen  over  at  Lyons, 
and  the  port  of  Ostend  was  closed  by  ice ;  and  the  Thames  was 
frozen  as  far  as  Gravesend.  As  to  European  extremes  of  heat, 
we  learn  that  in  1793  the  thermometer  in  London  registered 
89*  F.,  and  in  Paris,  loi*  F.;  in  each  instance  in  the  middle  of 
July.  In  1852,  the  thermometer  in  London  rose  to  95**  F.  in  the 
shade  on  July  12th. 

In  the  seventh  chapter,  "  On  Winds,"  the  author  devotes 
several  paragraphs  to  an  account  of  the  Tower  of  the  Winds  in 
Athens,  using  always  the  past  tense,  **  Boreas  was  represented," 
other  winds  **  were  represented."  But  there  is  no  need  for  this. 
We  may  use  the  present  tense  for  many  long  years  to  come  ;  the 
Tower  of  the  Winds  is  quite  perfedl,  and  is  of  comparatively  late 
eredlion,  that  is  to  say,  100  B.C.  The  description  of  the  mon- 
soons, and  the  causes  which  produce  them,  is  as  complicated 
and  difficult  to  understand  as  it  is  in  every  book  in  which  we 
have  seen  them  mentioned  and  described.  An  interesting  account 
of  a  thunderstorm  seen  from  a  balloon,  and  a  **  side  view  of  a 
storm,"  will  be  found  in  the  fourteenth  chapter.  We  notice  in  the 
woodcuts  the  usual  error  in  regard  to  lightning,  which  is  made 
pointed,  whereas,  as  Faraday  pointed  out,  if  we  could  see  the 
end  of  the  flash  at  all,  it  would  be  at  least  as  thick  as  the  rest 
of  the  flash.     Remarkable  examples  are  recorded  of  the  power  of 
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lightning.  Deaths  from  lightning  were  most  numerous  in  1870,-. 
202  deaths  were  recorded  throughout  the  whole  country:  the 
deaths  from  sunstroke  are  twice  as  numerous.  The  instan- 
taneous appearance  of  rigor  mortis  in  the  case  of  persons  killed 
by  lightning  appears  to  be  well  authenticated.  A  curious  slip  of 
the  pen  may  be  noticed  on  p^  289,  where  the  author,  in  men- 
tioning the  fadl  that  the  Emperor  Augustus  used  to  retire  to  a 
cave  on  the  approach  of  a  thunderstorm,  puts  him  and  his 
adjedlive  in  the  accusative  csLse: — "divum  Augustum."  The 
Romans  considered  seal-skins  a  preventive  to  lightning,  and  the 
emperor  Tiberius  caused  himseif^  on  the  approach  of  a  storm, 
to  be  crowned  with  laurel,  believing  that  lightning  never  struck 
the  plant  sacred  to  Apollo. 

An  interesting  and  novel  chapter  is  devoted  to  "  The  Pri- 
meval Atmosphere."  In  this  the  author  points  out  that  during 
the  Silurian  epoch — the  earliest  of  all — ^the  atmosphere  must 
have  been  as  transparent  as  it  is  now ;  he  questions  whether  the' 
air  during  the  luxuriant  carboniferous  epoch  can  have  had  much 
more  carbonic  acid  in  it  than  it  has  now,  for  Liebig  has  shown, 
that  if  all  the  carbon  contained  in  all  living  vegetation  and  in , 
the  coal  measures  was  in  the  atmosphere  again  in  the  form  of 
carbonic  acid,  the  quantity  of  that  gas  in  the  air  would  scarcely 
be  doubled,  and  would  not  be  unfit  for  the  respiration  of  the 
higher  animals.  While  the  composition  of  the  air  may  not 
have  undergone  much  change  the  temperature  certainly  has,  for 
coal  has  been  discovered  in  the  Ardlic  regions,  and  in  it  plants 
that  could  only  grow  in  a  temperate  climate.  Again,  during  the 
Miocene  Period,  the  temperature  of  Europe  must  have  been  at 
least  sub-tropical ;  the  flora  somewhat  resembles  that  of  South 
Carolina,  while  apes  abounded  in  the  Pyrenees  and  in  Greece. 
The  latter  chapters  of  the  work  are  devoted  to  flying  and 
ballooning. 

The  work,  from  beginning  to  end,  is  pleasantly  written,  and  is- 
very  readable ;  it  is  crowded  with  fadls  derived  from  every  avail- 
able source,  and  however  dry  they  may  be  in  the  abstract,  they 
are  clothed  here  in  popular  language,  and  their  true  interest  is 
shown.  The  work  is  well  printed,  aiid  beautifully  illustrated  by 
chromoxylographic  plates,  and  by  a  good  map  and  woodcuts. 
It  belongs  to  the  "  Guillemin  '*  and  *'  Flammarion  "  class.  Such 
books  do  much  to  induce  a  love  for  science  and  for  Nature,  and 
we  cordially  recommend  this  work  to  the  notice  of  all  our  readers. 


Science  Primers.    Astronomy.     By  J.  Norman  Lockyer,  F.R.S. 
Illustrated.     Macmillan  and  Co.     1874. 

This  little  work  forms  the  sixth  of  the  series  of  Science  Primers, 
edited  by  Professors  Huxley,  Roscoe,  and  Balfour  Stewart. 
Although  modestly  called  a  Primer,  it  contains  an  immense  deal^' 
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of  information,  and  discusses  sun-spots,  nebulae,  and  multiple 
stars,  while  it  further  makes  clear  to  us  the  meaning  of  such 
terms  as  **  polar  distance "  and  "  right  ascension."  The 
language  throughout  is  of  the  clearest ;  the  book  is  well 
illustrated,  and  the  author  has  throughout  described  simple 
experiments  to  illustrate  his  meaning.  By  using  a  moderator 
lamp  to  represent  the  sun,  an  orange  with  a  knitting-needle 
stuck  through  it  to  represent  the  earth,  a  tub  of  water  with 
floating  balls,  a  small  suspended  ball,  a  round  table  with  a  ball 
placed  in  the  centre,  and  a  few  simple  contrivances  of  thid 
sort,  a  number  of  important  phenomena  are  made  clear  to  the 
learner.  The  following  is  an  example  of  the  author's  style : — 
"Thus,  besides  the  planets,  there  a,re  other  members  of  the 
system,  namely  conriets  and  falling  stars,  which  will  be  mentioned 
again  fnore  fully  hereafter.  All  these  bodies  form  a  sort  of 
family  having  the  sun  for  their  head,  and  on  Plate  II.  will 
be  seen  a  view  of  this  system  as  it  would  appear  when  looked  at 
from  abo'ire ;  but  it  is  impossible  thus  to  give  an  idea  of  the  trut 
scale  of  the  system.  In  order  to  do  this,  take  a  globe  a  little 
over  two  feet  in  diameter  to  represent  the  sun  :  Mercury  would 
now  be  proportionately  represented  by  a  grain  of  mustard  seed, 
revolvifig  in  a  circle  164  feet  in  diameter;  Venus,  a  pea,  ih 
a  circle  of  284  feet  in  diameter;  the  earth  also  a  pea,  at  a 
distance  of  430  feet ;  Mars,  a  rather  large  pin^s  head,  ih  a  circle, 
of  654  feet ;  the  smaller  planets  by  grains  of  sand,  in  orbits  of 
from  1000  to  1200  feet ;  Jupiter,  a  moderate-sized  orange,  inr 
a  circle  nearly  half-a-mile  across ;  Saturn,  a  small  orange,  in  a 
circle  of  four-fifths  of  a  mile  ;  Uranus,  a  full-sized  cherry 
or  srhall  plum,  upon  the'  circumference  of  a  circle  more  than  a 
nfile  ahd  a  half;  and  Neptune  a  good  sized  plum,  in-  at  ctrcte 
about  two  miles  and  a  half  in  diameter." 


Introduction  to  Experimental  Physics,  Theoretical  and  Practical; 
including  Directions  for  Constructing  Physical  Apparatus^ 
and  for  Making  Experiments.  By  Adolph  F.  Weinhold, 
Professor  in  the  Royal  iPechnical  School  at  Chemnitz. 
Translated  by  Benjamin  Loewy,  F.R.A.S.  Preface  by 
G.  C.  Foster,  F.R.S.    London :  Longmans,  Greenland  Co. 

1875- 
In  the  Preface  to  this  work,  Professor  Foster  says : — *'  I  am 
convinced  that  the  true  way  to  make  the  somewhat  abstradl 
notions  necessarily  encountered  at  the  outset  of  the  study  of 
physics  intelligible  to  beginners,  is  not  to  emphasize  the  abstrac- 
tions, but  to  provide  the  learner  with  the  clearest  possible  ideas 
of  the  concrete  fadls  from  which  the  abstradlions  are  derived. 
In  any  sound  system  of  teaching,  particulars  must  come  before 
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generalities  ;  for,  unless  a  student  has  clear  conceptions  of  indi- 
vidual phenomena,  it  is  impossible  for  him  to  understand  their 
mutual  relations  or  the  general  conclusions  that  are  based  upon 
them."     To  provide  an  account  of  these  concrete  physical  fadls, 
and  to  show  how  they  may  best  be  wrested  from  Nature,  has 
been  the  obje<5l  of  Professor  Weinhold  in  the  book  before  us. 
He  takes  us  through  a  course  of  elementary  physics,  and  shows 
us,  not  only  how  to  make  the  experiments,  but  also  how  to  make 
the  necessary  apparatus.     If  anything,  his  descriptions  appear 
sometimes  to  be  too  tediously  minute,  but  for  the  beginner  they 
are  certainly  not  so.     Here,  for  example,  we  have  direcftions  for 
boring  a  hole  in  glass — an  operation  wKich  is  frequently  neces- 
sary in  physical  experiments  : — **  The  hole  is  bored  with  a  round 
file,  of  which  the  point  is  broken  off,  so  that  a  round  surface  of 
from  2  to  3  m.m.  in  diameter  is  obtained.     The  edge  of  this 
round  surface  is  used  for  drilling,  the  file  being  held  with  the 
right  hand  in  a  slanting  diredlion,  and  the  thumbs  being  kept 
quite  close  to  the  broken  end  of  the  file,  in  order  to  increase  the 
pressure,  and  also  to  prevent  the  file  from  slipping  through  the 
finished   hole   and  breaking  the  glass.     File  and    glass  must, 
during  the  operation,  be  frequently  welted  with  water,  or,  better 
still,  with  oil  of  turpentine.     After  piercing  the  glass  completely 
by  the  point,  the  whole  is  enlarged  by  slowly  turning  the  file 
from  right  to  left  in  the  manner  in  which  a  screw  is  drawn, 
repeatedly  moistening  the  orifice  and  the  file."     The  author  truly 
says  it  is  advisable  to  pradlise  this  operation  first  on  pieces  of 
broken  glass ;  for,  if  ever  patience  be  wanted,  it  is  when  one  is 
engaged  in  boring  a  hole  in  glass,  or  endeavouring  to  render 
the  double  needle  of  a  galvanometer  astatic.     Let  us  glance 
at  the  author's  treatment  of  any  individual  science  ;  for  example, 
heat.     Omitting  all  theoretical   matter,  the  author  plunges  at 
once  into  the  subjed^  ;  tells  us  that  there  is  a  particular  sensation 
depending  upon  change  of  temperature,  and  that  to  the  cause  of 
this  sensation  is  given  the  name  Heat.     Of  the  various  eifedls 
of  heat  upon  matter,  expansion  comes  first,  and  this  is  illustrated 
by  various  means  in  the  case  of  solids,  liquids,  and  gases ;  and 
various  experimental  hints  and  cautions  are  given.     An  account 
of  the   thermometer  follows,  and  rules  for  the   conversion   of 
degrees,  and  for   determining  the   fixed    points  ;  then  various 
effedls  of  expansion.  Prince  Rupert's  drops  and  Bologna  fiasks  ; 
anomalous  expansion  of  water,  absolute  and  apparent  expansion,, 
and   the   expansion   of  gases.      A  sedlion   is  then   devoted  to 
melting  and  freezing,  followed  by  evaporation  and  ebullition ; 
radiation  and  condudlion  ;  specific  and  latent  heat,  and  sources 
of  heat.     There   is  thus  nothing  new  in  the  arrangement  of 
subjedl  matter,  or  indeed  in  the  treatment  of  it,  save  that  each 
experiment   is   minutely  described,    the   necessary   precautions 
and  the  conditions  of  success.     The  young  student  of  physics* 
will  find  this  work  a  most  useful  companion^ 
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Elements  of  Magnetism  and  Electricity,  By  John  Angell, 
Senior  Science  Master,  Manchester  Grammar  School,  with 
120  illustrations.  London  and  Glasgow  :  William  Collins, 
Sons,  and  Co.     1875. 

This  very  cheap  and  comprehensive  little  manual  belongs  to  the 
capital  series  of  elementary  works  on  science  which  Messrs. 
Collins  are  now  issuing.  It  is  almost  entirely  devoted  to 
Magnetism  and  Fridlional  Eled^ricity,  one  chapter  only  at  the  end 
of  the  book  being  devoted  to  Voltaic  Eledlricity.  The  figures  are 
plain,  but  quite  sufficient  for  their  purpose  ;  we  may  particularly 
call  attention  to  the  representations  of  magnetic  curves  (Figs. 
19 — 23),  and  to  the  figures  showing  elecflrical  distribution  on 
various  surfaces  (Fig.  89).  Hints  are  frequently  given  for  the 
construdlion  of  cheap  apparatus,  but  these  cannot  always  be 
relied  upon ;  for  example,  we  are  told  how  "  an  efficient  eledlrical 
machine,"  capable  of  performing  all  the  ordinary  experiments, 
maybe  constructed  out  of  a  common  black  wine-bottle  for  a  **  few 
pence ; "  but  all  who  have  tried  to  make  an  eledlrical  machine 
know  how  very  difficult  it  is  to  get  anything  like  an  efficient 
machine  at  a  cost  of  much  time  and  many  shillings.  There  are 
a  thousand  difficulties  in  the  way :  to  mount  the  cylinder — 
to  make  it  rotate  in  a  horizontal  plane — to  manipulate  the 
even  pressure  of  the  rubber — are  among  them.  Again,  some  of 
the  explanations  are  insufficient ;  for  example,  in  describing 
the  ele(5lrical  whirl,  the  author  says: — **  On  working  the  machine, 
a  powerful  wind,  the  eledlrical  aura,  will  be  produced,  which, 
r^adling  against  the  points,  will  drive  the  wheel  round  with  great 
velocity.'*  But  he  does  not  explain  why  the  wind  is  produced.  It 
is  a  general  fault  in  elementary  works,  in  which  as  much  matter 
as  possible  is  introduced  at  the  expense  of  clearness,  to  describe 
experiments  without  fully  explaining  them.  But  the  book  is 
distindlly  good,  and  a  marvel  of  cheapness,  and  will  be  found 
most  useful  as  a  commencing  text-book. 


Elements  of  Animal  Physiology,  chiefly  Human,  with  Hints  on 
Practical  Work,  Dissection,  Sh:.  By  John  Angell,  Senior 
Science  Master,  Manchester  Grammar  School.  London 
and  Glasgow:  William  Collins  and  Sons.     1875. 

This  is  a  shilling  book  containing  92  capital  figures,  and  more 
than  500  separate  paragraphs  of  text.  It  is  a  marvel  of  cheap- 
ness, and  although  we  must  of  course  regard  it  as,  to  a  great 
extent,  a  compilation,  it  contains  a  great  amount  of  sound 
information  and  useful  knowledge.  It  is  divided  into  twenty 
chapters :  the  first  two  treat  of  the  general  strudlure  and 
functions  of  the  human  body ;  here  we  notice  a  complete  com- 
parison of  the  adlions  of  a  living  body  with  those  of  a  steam 
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engine,  in  which  we  learn  that  the  total  internal  mechanical 
lyork  of  a  living  man  is  no  less  thai)  715,000  foot-pounds  per 
day,  which  Helmholtz  calculates  is  equal  to  the  total  external 
work  of  a  hard-working  man.  It  has  also  been  calculated  that 
±\  pounds  of  good  coal,  if  its  force  could  all  be  utilised,  ought  to 
produce  in  a  steam-engine  2,145,000  foot-pounds  of  mechanical 
work,  or  about  three  times  the  external  work  of  a  man.  The 
third  chapter  treats  of  the  skeleton;  the  fourth  and  fifth  of 
chemical  and  histological  preliminaries ;  in  the  latter,  very  good 
drawings  of  voluntary  muscular  fibre  and  of  the  strudture  of 
nerve  fibre.  The  sixth  and  seventh  chapters  discuss  the  blood  ; 
the  eighth  and  ninth,  respiration  and  aninial  heat ;  the  tenth  and 
eleventh,  digestion  (beautiful  drawing  of  a  vertical  sedlion  of 
the  coats  of  the  stomach);  an  interesting  chapter  on  animal 
mechanics,  and  concluding  chapters  on  the  voice,  the  ear,  the 
eye,  and  the  brain.  The  author  appears  to  be  quite  au  courani 
with  the  most  recent  results  of  physiology,  and  we  heartily 
recommend  his  little  treatise  to  those  who  desire  to  commence 
the  study. 


f^he  Methods  of  Ethics f  By  Henry  Sidowick,  M.A.,  Ledlurcr 
and  late  Fellow  of  Trinity  College,  Cambridge.  London  ; 
Macmillan  and  Co.     1874. 

Pefining  ethics  as  **  the  Scieqce  of  Condudl,"  tl|e  author  shows 
ihat  it  may  conveniently  include  the  related  studies  of  politics 
and  jurisprudence.  These  sciences  alike  attempt  to  deter- 
mine the  nature  of  the  ideal,  not  the  real ;  to  demonstrate  what 
ought  to  exist,  not  what  does  exist.  The  rational  ends  are 
divided  into  two  only,  i.e.,  Perfed^ion  and  Happiness,  and 
the  methods  of  Ethics  are  reduced  in  the  main  to  three — 
Egoism,  Intuitionism,  and  Utilitarianism.  The  end  of  Egoism 
is  defined  as  **  the  sum  of  pleasures,  valued  in  proportion  to  their 
pleasantness ; "  the  fundamental  assumption  of  Intuitionism 
is  **  that  we  have  the  power  of  seeing  clearly  what  acftions 
are  iq  themselves  right  and  reasonable ;"  while  by  Utilitarianism 
iis  meant  the  theory  first  distindlly  enunciated  by  Bentham  *•  that 
the  con.ducfl  which,  under  any  given  circumstance,  is  externally 
or  objedlively  right,  is  that  which  will  produce  the  greatest 
amount  of  happiness  to  all  whose  interests  are  affedled."  The 
work)  admirable  as  it  is,  possesses  little  interest  for  the  man  of 
science,  as  ethical  modes  of  thought  a^e  altogether  dissimilar  to 
the  usual  modes  of  scientific  thought ;  we  may  briefly  glance, 
however,  at  the  chapter  Q'^  •*  Philosophical  Intuitionism."  A 
philosopher  is  allowed  at  the  outset  some  amount  of  divergence 
from  common  sense,  and  he  is  expedled  to  altogether  transcend 
common  sense  in  his  premises,  and  to  sink  his  plummet 
into  profound  and  infinite  deptl^s.  But  such  men  have  often, 
after  a  life  of  study,  presented  to  the  world  a  host  of  arguments 
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and  conclusions  which  move  in  a  narrow  circle,  or  a  host  of 
propositions  swollen  out  with  tautological  excesses,  and  like  a 
windbag  ready  to  burst  on  the  application  of  the  least  pressure. 
And  here  we  venture  to  think  the  philosopher  of  science  has  the 
advantage  of  the  philosopher  of  morals ;  for  the  former  can 
scarcely  argue  in  a  circle  when  he  is  confronted  at  every  step  by 
fa<5l8  wrought  out  of  nature  by  legitimate  experiment  and  exact 
indudlion. 


The  Transit  of  Venus :  its  Meaning  and  Use.     By  T.  H.  Budd, 
F.R.A.S.     London  :  Longmans,  Green,  and  Co.     1875. 

In  this  clever  and  concise  little  pamphlet  the  author  tells  us,  in 
plain  untechnical  language,  all  that  a  general  reader  interested 
in  science,  but  not  specially  an  astronomer,  can  require  to 
know.  We  will  briefly  condense  the  main  fadls  of  the  case. 
The  transit  of  Venus  means,  we  all  know,  the  passage  of  Venus 
across  the  face  of  the  sun ;  and  since  the  moon  eclipses  the  sun 
under  like  circumstances,  and  Venus  has  thrice  the  diameter  of 
the  moon,  we  may  reasonably  enquire  why  the  sun  is  not 
eclipsed  during  the  transit  of  Venus.  But  the  fa(5l  that  Venus 
is  far  more  distant  from  us  than  the  moon  converts  what  would 
be  an  eclipse  into  a  transit.  The  transit  occurs  twice  in 
116  years,  with  an  interval  of  8  years  between  two  successive 
transits  in  that  period,  e.g.,  in  176 1  and  1769,  and  again  in 
1874  and  1882.  The  long  interval  is  due  to  the  fadt  that 
the  plane  of  the  orbit  of  Venus  is  inclined  to  the  plane  of 
the  earth's  orbit  round  the  sun.  The  exadl  observation  of 
the  transit  of  Venus  enables  astronomers  to  ascertain  our 
distance  from  the  sun;  and  as  it  is  believed  that  an  error 
'->of  three  millions  of  miles  exists  in  our  present  estimate  of 
that  distance,  the  necessity  of  a  new  determination  is  obvious. 
There  must  always  be  some  error,  but  repeated  observations 
will  reduce  it  to  a  minimum.  The  Author  points  out  and  illus- 
trates by  a  diagram  how,  by  means  of  a  theodolite  and  a  simple 
trigonometrical  method,  it  is  possible  to  measure  an  inaccessible 
obje(5l,  and  how  this  method  may  be  applied  to  the  sun  when  a 
suitable  base  line  has  been  obtained.  The  greatest  possible 
distance  between  two  observers  on  the  earth's  surface — that  is, 
the  greatest  possible  base  line  on  one  and  the  same  meridian— is 
something  less  than  7000  miles,  because  the  polar  regions  are 
inaccessible.  The  observation  of  the  different  positions  of 
Venus  when  crossing  the  sun's  face,  by  two  distant  observers, 
enables  us  to  ascertain  the  diameter  of  the  sun,  and  by  com- 
paring his  apparent  diameter  with  his  real  diameter  we  can 
ascertain  his  distance  from  us  in  the  same  way  that  we  can 
determine  the  distance  of  a  church  steeple  if  the  height  be 
known. 
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The  Origin  of  Civilisation  and  the  Primitive  Condition  of  Man  : 
Mental  and  Social  Condition  of  Savages.  By  Sir  John 
Lubbock,  Bart.,  M.P.,  F.R.S.  Third  Edition,  with  nume- 
rous Additions.    London :  Longmans,  Green,  and  Co.    1875. 

This  volume,  which  has  already  reached  a  third  edition,  is 
founded  on  the  subjedl-matter  of  a  course  of  lecflures  delivered 
at  the  Royal  Institution  in  1868.  It  embodies  the  result  of  ten 
years  of  study,  and  constitutes  a  considerable  addition  to  our 
study  of  Anthropology.  The  great  bulk  of  the  work  treats  of 
the  religion  of  savages,  and  this  subjedl  is  treated  very  ably  in 
some  concluding  remarks : — **  Thus  we  see  that  as  men  rise  in 
civilisation  their  religion  rises  with  them.  The  Australians 
dimly  imagine  a  being, — spiteful,  malevolent,  but  weak,  and 
dangerous  only  in  the  dark.  The  negro's  deity  is  more  power- 
ful, but  not  less  hateful ;  invisible,  indeed,  but  subjecfl  to  pain, 
mortal  like  himself,  and  liable  to  be  made  the  slave  of  man  by 
enchantment.  The  deities  of  the  South  Sea  Islanders  are,  some 
good,  some  evil ;  but,  orf  the  whole,  more  is  to  be  feared  from 
the  latter  than  to  be  hoped  from  the  former.  They  fashioned 
the  land,  but  are  not  truly  creators,  for  earth  and  water  existed 
before  them.  They  do  not  punish  the  evil,  nor  reward  the  good. 
They  watch  over  the  affairs  of  men ;  but  if,  on  the  one  hand, 
witchcraft  has  no  power  over  them,  neither,  on  the  other,  can 
prayer  influence  them ;  they  require  to  share  the  crops  or  the 
booty  of  their  worshippers.  ...  It  appears,  then,  that  Qvery 
increase  in  Science — that  is,  in  positive  and  ascertained  know- 
ledge— brings  with  it  an  elevation  of  religion.  Nor  is  this 
progress  confined  to  the  lower  races.  Even  within  the  last 
century  Science  has  purified  the  religion  of  Western  Europe  by 
rooting  out  the  dark  belief  in  witchcraft,  which  led  to  thousands 
of  executions,  and  hung  like  a  black  pall  over  the  Christianity  of 
the  Middle  Ages." 

Other  chapters  of  the  work  are  devoted  to  the  art  and  orna- 
ments of  savages,  their  marriage  rites,  and  ideas  of  relationship, 
their  morals,  languages,  laws.  The  Author  considers,  finally, 
that  he  has  conclusively  proved — *'  i.  That  existing  savages  are 
not  the  descendants  of  civilised  ancestors.  2.  That  the  primi- 
tive condition  of  man  was  one  of  utter  barbarism.  3.  That 
from  this  condition  several  races  have  independently  raised 
themselves." 


The  Protoplasmic  Theory  of  Life,     By  John  Drysdale,  M.D. 
London  :  Baillidre,  Tindall,  and  Cox.  '   1874. 

The  obje<5l  of  this  work  is  to  prove  "  that  every  adlion  properly 
called  vital,  throughout  the  vegetable  and  animal  kingdoms,  re- 
sults solely  from  the  changes  occurring  in  a  strudlureless,  semi- 
fluid,  nitrogenous   matter,   now  called   Protoplasm."      It  lays 
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claim  to  no  originality,  and  the  subjedl-matter  is  expanded  from 
a  le<5lure  delivered  before  the  Microscopical  Society  of  Liver- 
pool during  the  present  year.  The  Author  is  evidently  well 
acquainted  with  his  subjed^ ;  he  is  well  acquainted  with  the 
literature  of  it,  and  quotes  a  multitude  of  men,  from  Schleiden, 
Schwann,  and  Leydig,  to  Beale,  Herbert  Spencer,  and  Huxley. 
He  sums  up  the  whole  variety  of  opinion  on  the  subjedl  in  the 
following  opening  sentences,  which  divide  them  into — **  i.  Those 
which  require  the  addition  to  ordinary  matter  of  an  immaterial 
or  spiritual  essence,  substance,  or  power,  general  or  local,  whose 
presence  is  the  efficient  cause  of  life ;  and  2.  Those  which  attri- 
bute the  phenomena  of  life  solely  to  the  mode  of  combination  of 
the  ordinary  material  elements  of  which  the  organism  is  com- 
posed, without  the  addition  of  any  such  immaterial  essence, 
power,  or  force)."  Up  to  the  year  1835  the  old  idea  of  a  vital 
fluid  was  in  some  form  or  other  dominant ;  in  that  year  the 
coup  de  grace  was  given  to  the  theory  by  Dr.  Fletcher,  of  Edin- 
burgh, who,  in  his  **  Rudiments  of  Physiology,"  discussed  the 
merits  of  the  theory  in  a  perfedlly  calm  and  judicial  manner,  and 
decided  against  it.  The  protoplasmic  theory  was  proposed  so 
recently  as  i860,  by  Dr.  Lionel  Beale,  who  describes  fundamental 
germinal  matter,  or  bioplasm,  as  **  always  transparent  and  co- 
lourless, and,  as  far  as  can  be  ascertained  by  examination  with 
the  highest  powers,  perfedlly  strudlureless,  and  it  exhibits  these 
charadleristics  at  every  period  of  its  existence.  .  .  .  Nor  can 
any  difference  be  discerned  between  the  germinal  matter  of  the 
lowest,  simplest,  epithelial  scale  of  man's  organism,  and  that 
from  which  the  nerve-cells  of  his  brain  are  to  be  evolved.** 
Then  follow  commentaries  on  Dealers  nerve  theory  and  muscle 
theory;  then  various  definitions  of  life,  among  which  we  may 
notice  De  Blainville's  *'  Life  is  the  two-fold  internal  movements  of 
composition  and  re-composition  ,at  once  general  and  continuous.'* 
The  concluding  chapter  treats  of  Materialism.  The  Author 
shows  how  frequently  the  term  is  misunderstood  or  wrongly 
defined,  and  shows,  further,  that  religion  and  science  need  not 
be  at  war.  The  fa<5ls  of  the  theory  of  protoplasm  are  clearly  set 
forth  in  this  very  readable  work,  and  the  non-scientific  man  may 
by  its  help  make  himself  well  acquainted  with  one  of  the  most 
prominent  physiological  theories  now  before  the  world. 


The  Elements  of  Embryology.  By  Michael  Foster,.  M.A., 
M.D.,  F.R.S.,  Fellow  of  and  Prseledlor  in  Physiology  in 
Trinity  College,  Cambridge,  and  Francis  M.  Balfour,  B.A., 
Fellow  of  Trinity  College,  Cambridge.  London :  Mac- 
millan  and  Co.     1874. 

The  Cambridge  Physiological  Laboratory  is  already  beginning 
to  bring  forth  good  work,  and  it  is  satisfacflory  to  see  the  name 
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of  a  young  student  side  by  side,  as  joint  author,  with  that  of 
the  able  Praeledlor  in  Physiology.  A  few  years  ago  physiological 
laboratories  were  almost  unknown  in  this  country :  the  work 
before  us  promises  a  splendid  proof  of  what  may  be  done  in 
them,  and  of  the  value  of  the  results  to  be  obtained  by  a  teriA 
or  two  of  patient  work.  This  book  is  only  the  first  part  of  a 
systematic  introdudlion  to  the  whole  subjedl  of  Embryology,  and 
since  the  chick  is  not  only  **  of  all  embryos  the  best  to  begiti 
with,"  and  also  the  most  easy  to  obtain,  and  in  many  respedl's 
to  manipulate,  the  Authors  have  taken  it,  from  the  new-laid  tgg 
to  the  chicken,  as  their  starting-point.  And  they  express  hope, 
at  the  commencement,  that  the  student  will  not  content  himself 
with  merely  reading  the  book,  but  that  he  will  dissedl  for  him- 
self, in  which  he  will  be  aided  by  many  pra(5lical  instnidlions, 
and  by  some  beautiful  and  original  drawings.  The  work  is 
divided  into  nine  chapters,  which  treat  of  the  strudlure  of  a 
hen*s  eggf  of  incubation,  of  the  changes  which  take  place  during 
respedlively  the  first,  second,  third,  fourth,  fifth,  sixth,  and  sk> 
on  to  the  end  of  incubation ;  a  final  chapter  on  the  developnferit 
of  the  skull ;  and  an  Appendix,  containing  pracflical  instru(5lions 
for  studying  these  various  changes.  Of  the  woodcutd  we  may 
specially  mention  Fig.  i,  which  shows  a  sedlioA  of  an  unincu- 
bated  fowl's  egg;  Fig.  13,  showing  the  circulation  of  the  yolk- 
sac  at  the  end  of  the  third  day  of  incubation;  and  Pig.  71, 
showing  the  embryonic  skull  of  a  fowl  during  the  second  week  of 
incubation.  The  formation  of  each  particular  organ-— eye,  ear, 
heart,  &c. — is  traced  and  illustrated  in  a  most  ma&terly  manner. 
The  book  will  be  a  great  addition  to  our  study  of  physiology. 
Although  not  suitable  for  school  use,  we  have  no  doubt  that  the 
work  will  soon  be  adopted  wherever  examinations  ih  physiology 
are  held,  and  by  those  colleges  which  require  physiology  as  one 
of  the  subjedls  of  their  Science  scholafship  exam^inations. 


An  Elementary  Exposition  of  the  Doctrine  of  Energy.  By  D.  D. 
Heath,  M.A.,  formerly  Fellow  of  Trinity  College,  Cam- 
bridge.    London  :  Longmans,  Green,  and  Co.     1874. 

This  is  a  capital  and  comprehensive  little  book.  It  embodies  a 
series  of  ledlures  given  in  1872  to  the  sixth  form'  of  the  Surrey 
County  School.  Mr,  Balfour  Stewart  has  an  '*  Energy  Class  " 
at  Owens  College,  and  in  process  of  time  we  shall  have  this 
great  and  dominant  do<5lrine  taught  in  all  our  larger  schools.  The 
sooner  that  time  arrives  the  better,  for  we  have  already  a  good 
text-book  in  the  work  before  us.  It  might,  however,  with  advantage 
be  somewhat  subdivided,  and  the  addition  of  a  table  of  contents 
and  of  an  index  would  enhance  its  value  for  purposes  of  reference. 
The  Author  gives  at  the  outset  a  series  of  typical  changes : — 
I.  A  head  of  water  confined  by  a  sluice  gate.      2.  The  sluice 
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being  opened  the  water  falls,  gaining  velocity  as  it  loses  height. 
3.  The  falling  water  encounters  a  water-wheel,  and  gives  up  to 
it  some  of  its  motion,  the  wheel  in  its  turn  giving  motion  to  a 
system  of  machinery.  4.  Heat  is  produced  both  by  the  clash  of 
the  falling  water  and  by  the  fridlion  of  the  bearing  parts  of  the 
machinery,  or  millstones.  5.  The  millstones,  working  in  a 
vessel  of  water,  raise  it  to  the  boiling-point.  6»  But  no  higher, 
for  the  water  then  passes  into  steam.  7.  The  steam  so  gene- 
rated may  work  a  steam-engine.  8.  Which  may  work  an  elec- 
trical machine.  9.  By  which  we  may  produce,  through  the 
intervention  of  the  spark,  both  light  and  heat.  10.  Or  may  de- 
compose water.  11.  While,  finally,  the  liberated  oxygen  and 
hydrogen  may  be  re-composed,  and  the  steam  produced  may 
work  a  pump  and  replenish  the  head  of  water  in  the  original 
reservoir.  **  Our  proposition  then  is,"  says  the  Author,  "  that 
we  may  represent  numerically— (i)  the  power  to  produce  changes 
which  the  water  in  the  reservoir  has  in  virtue  of  its  quantity, 
and  its  height  above  the  mill-wheel ;  (2)  how  much  of  the  power 
due  to  motion  the  water  gains  as  it  loses  height  in  falling ; 
(3)  how  much  in  motion,  and  how  much  in  heat  it  gives  to  itself 
and  to  the  mill-wheel  when  it  clashes  on  it ;  (4)  how  much  heat 
goes  to  turn  water  into  steam;  (5)  what  the  steam  loses  in 
working  the  steam-engine ;  (6)  how  much  the  steam-engine  is 
retarded  by  working  the  ele(5lric  machine,  and  producing  heat, 
and  decomposing  the  water."  Then  comes  a  sedlion  on  funda- 
mental units ;  mass  and  force,  velocity,  &c. ;  then  the  second 
and  third  laws  of  motion  ;  the  measurement  of  heat ;  and  the 
measurement  of  work  done.  The  second  sedtion  treats  of  dy- 
namical energy ;  the  third  of  thermal  and  other  energies, — elec- 
trical, chemical,  and  what  he  calls  **  animal  energy,"  and  the 
energy  of  vegetation  ;  while  a  short  sedlion  at  the  end  treats  of 
molecular  theories.  The  work  is  very  sound  and  clearly  con- 
strudled,  and  we  recommend  it  to  the  student  as  a  very  useful 
book  on  a  very  important  subjedl. 


The  Elements  of  the  Psychology  of  Cognition,  By  Robert 
Jardine,  B.D.,  D.Sc,  Principal  of  the  General  Assembly's 
College,  Calcutta,  and  Fellow  of  the  University  of  Calcutta. 
London  :  Macmillan  and  Co.     1874. 

This  work  is  designed  for  the  use  of  students  who  are  beginning 
the  study  of  philosophy,  and  its  objedl  is  to  serve  as  an  intro- 
du(5lion  to  the  psychology  of  the  intellecflual  part  of  the  human 
mind.  After  an  introductory  chapter,  we  have  chapters  on  the 
acquisition  of  presentative  knowledge,  on  the  theories  of  percep- 
tion, on  representation,  and  a  final  chapter  on  the  elaboration  of 
knowledge.  In  the  latter  some  useful  matter  concerning  in- 
duction and  dedu(5tion  may  be  found  : — ''  Indu<5lion  proper  has 
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for  its  basis  an  observed  relation  of  phenomena^  or  the  elements 
of  phenomena,  in  a  greater  or  less  number  of  cases ;  and  the 
inference  asserts  what  will  take  place  in  all  similar  cases.  In- 
dudlive  inference  affirms,  regarding  all  instances  of  a  particular 
kind,  what  is  observed  to  be  true  of  a  certain  number  of  instances 
of  that  kind."  Then  as  to  dedudlion,  **here  the  mind  passes  in 
reasoning  from  the  general  or  universal  to  the  particular."  Thus 
the  chemist,  having  discovered  the  general  laws  of  chemical 
combination,  can  predi<5l  the  result  in  particular  cases  ;  and  the 
naturalist,  having  ascertained  the  universal  charadleristics  of 
some  species,  may  with  certainty  expedt  to  find  these  characfler- 
istics  in  any  new  specimen  of  this  species.  A  short  summary 
is  given  at  the  end.  The  matter  is  clearly  stated,  and  the  book 
will  be  found  useful  to  all  those  students  who  intend  to  take  up 
that  vast  and  not  too  profitable  study  of  philosophy. 


Transits  of  Venus,  A  Popular  Account  of  Past  and  Coming 
Transits,  from  the  first  observed  by  Horrocks,  a.d.  1639,  to- 
the  Transit  of  a.d.  2012.  By  Richard  A.  Proctor,  B.A. 
With  20  Plates  and  37  Woodcuts.  London  :  Longmans^ 
Green,  and  Co.     1874. 

We  have  before  us  another  of  those  carefully  written  and  beau- 
tifully illustrated  books  which  Mr.  Prodlor,  from  time  to  time^ 
provides  for  the  purpose  of  popularising  more  or  less  abstruse 
science.  This  work  can  hardly  hope  to  appeal  to  so  large  a 
sedlion  of  the  public  as  his  "  Sun,"  **  Moon,"  &c.,  for  the  subje<5t 
is  one  that  rather  concerns  the  astronomer  than  the  general 
public ;  the  objedls  at  issue  do  not  bear  so  diredlly  upon  every- 
day life ;  and  if  a  man  has  never  seen  Venus,  and  has  no  chance 
of  ever  seeing  a  transit,  and  does  not  easily  com^prehend  how 
his  race  can  be  benefitted  by  a  knowledge  of  an  exadler  deter- 
mination of  the  sun*8  distance  (which  need  not  have  a  greater 
error  than  100,000  miles),  then  we  say  he  is  not  likely  to  trouble 
himself  about  the  subjedl  at  all.  But  if  any  book  is  likely  to 
create  an  interest  on  the  subje(5t,  and  to  make  it  popular,  that 
book  is  surely  Mr.  Prodtor's. 


Economic  Geology,  or  Geology  in  its  Relations  to  the  Arts  and 
Manufactures.  By  David  Page,  LL.D.,  F.G.S.,  &c.  Ediiv 
burgh  and  London  :  W.  Blackwood  and  Sons. 

As  the  Author  remarks  in  his  Preface,  **  There  are  works  on 
agricultural  geology,  on  building  and  decorative,  on  mortars  and 
cements,  on  coal-mining,  on  veins  and  lodes,  and  on  ores  and 
metallurgy,  but  there  is  no  general  treatise  on  geology  in-  its 
numerous  relations  to  the  arts  and  manufadlures."     This  defi- 
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ciency  he  has  therefore  endeavoured  to  supply,  and  has  produced 
a  work  which  we  feel  convinced  will  be  widely  appreciated.  The 
purpose  of  this  treatise  being  purely  pracSlical,  those  interesting 
theoretical  questions  in  which  Geology  is  so  rich  are  here  passed 
over.  For  a  history  of  the  life  of  the  primaeval  world,  for  the 
causes  of  the  striking  phenomena  it  presents,  for  palseontological 
research,  the  reader  must  look  elsewhere.  Dr.  Page,  we  must 
add,  has,  in  his  former  publications,  proved  his  ability  to  deal 
with  such  subje(5ls.  After  an  Introdudtion,  showing  the  im- 
p  :)rtance  of  Economic  or  applied  Geology  to  the  farmer,  the  land 
agent,  the  builder,  the  engineer,  the  miner,  as  well  as  to  most 
manufadturers,  the  Author  gives  a  brief  account  of  the  **  rocky 
crust "  of  the  earth,  of  stratified  and  unstratified  rocks,  their 
relative  positions,  texture,  chemical  composition,  and  chrono- 
logical arrangement.-  He  then  shows,  in  succession,  the  bearing 
of  geology  upon  agriculture,  upon  the  valuation  of  land,  upon 
architedlure,  engineering  (including  road  and  railway  making, 
the  construdlion  of  canals  and  docks,  and  the  supply  of  water), 
upon  mining,  the  produdlion  of  heat  and  light,  the  fidlile  arts. 
He  then  treats  of  grinding,  whetting,  and  polishing  materials, 
of  fire-resisting  substances,  of  pigments,  dyes,  and  detergents, 
of  salts  and  saline  earths,  of  mineral  and  thermal  springs,  of 
mineral  medicines,  of  gems  and  precious  stones,  of  metals  and 
metallic  ores.  A  summary  at  the  end  shows  the  valuable 
produdls  likely  to  be  found  in  each  geological  formation. 

We  need  scarcely  say  that  to  deal  exhaustively  with  all  the 
subjed^s  here  enumerated  would  require  not  a  volume,  but  an 
encyclopaedia,  and  that  of  the  bulkiest.  Still  whatever  could  be 
done  within  the  compass  of  some  three  hundred  closely-printed 
pages  has  been  done.  It  would  be  difficult,  indeed,  to  compress 
a  larger  amount  of  sound  useful  matter  within  the  same  limits. 

We  may,  however,  venture  to  point  out  that  in  the  chapter  on 
dyes  tin  is  omitted  amongst  the  bodies  mentioned  as  mordants. 
Nor  do  we  think  it  stridlly  accurate  to  pronounce  the  coal-tar 
colours  of  inorganic  origin. 

The  work  is  illustrated  with  engravings,  and  accompanied 
with  a  geological  map  of  the  British  Islands,  placed,  for  better 
preservation,  in  a  pocket  within  the  cover. 

We  cannot  more  fitly  conclude  this  brief  notice  than  by 
quoting  the  following  excellent  advice  : — "  Every  surface  efflores- 
cence, however  insignificant,  every  trickle  of  styptic  wafer  (and 
every  issue  of  water  should  be  tested  by  the  field  geologist), 
every  mealy  disintegration  of  a  rock,  and  even  the  presence  of 
such  plants  as  affe(5l  saline  soils,  should  all  be  duly  noted  as 
indications  of  the  mineral  treasures  below." 
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CORRESPONDENCE. 


RESPECTING    THE    PHENOMENA    CALLED    SPIRITUAL. 

By  Chablbs  Francis  Kbary. 


Sir, — You  have  the  satiifadion  of 
thinking  that  you,  mora  than  any  one 
else,  have  been  instrumental  in  di- 
reding  public  attention  to  the  **  phe- 
nomena called  Spiritualism/*  and 
that  a  strong  and  growing  interest 
ivith  many  thoughtful  people — and 
with  not  a  few  of  considerable  scien- 
tific  attainment — dates  from  the  pub- 
lication of  your  first  **  enquiry  "  in 
1870.  This  arose^  no  doubt,  in  g^at 
measure  from  the  fad  that  you  were 
the  first  scientific  man  who  had  de- 
voted much  labour  to  these  investiga- 
tions, and  had  made  the  result  of 
them  known ;  but  partly  also,  I  con- 
ceive^  from  a  genera)  imprebsion  in 
the  public  mind  that  you  bad  not  re- 
ceived very  fair  or  decorous  treatment 
either  from  the  Royal  Society  or  from 
the  writer  of  a  well-known  article  in 
the  •*  Quarterly  Review." 

Speaking  of  the  influence  which 
the  growing  pradice  of  publicly  read- 
ing the  Bible  had  in  promoting  the 
spread  of  Protestantism,  Hallam 
makes  the  acute  observation  that  this 
influence  was  largely  due  to  the  oppo- 
sition which  the  pradice  met  with 
from  the  Catholic  Church,  and  to  the 
fadi  that  people  were  thus  led  to  in- 
terpret the  Scriptures  **  with  that  sort 
of  prejudice  which  a  Jury  feels  in 
considering  evidence  that  one  party  in 
a  case  has  attempted  to  suppress ;  a 
danger,"  he  goes  on  to  remark, 
*' which  those  who  wish  to  restrain 
the  course  of  free  discussion,  without 
any  sure  means  of  success,  will  in  all 
ages  do  well  to  refied  upon."  This 
consideration  should  alone  be  suffi- 
cient to  determine  us  to  give  a  fair 
hearing  to  the  new  science,  or  philo- 
sophy, or  religion,  or  whatever  it  may 
be,  which  is  comprised  under  the 
name  of  Spiritualism. 

It  may  well  be  to  this  very  preju- 
dice of  which  Hallam  speaks  that  we 
owe,  to  some  extent,  the  adivity  of 
the  public  mind  on  this  subjed,  and 
the  decided  advance  which  in  the  last 
few  years  the  fads  of    Spiritualibm 


have  made  towards — however /ar  they 
may  yet  be  from — a  recognition.  We 
must  not  therefore  allow  ourselves  to 
be  much  influenced  by  a  specious  ar- 
gument drawn  from  this  fad,  as  well 
as  from  the  greater  candour  of  our 
own  days,  which  is  often  employed 
in  favour  of  other  beliefs  or  disbeliefs 
beside  the  one  in  question.  Because 
some  things  of  a  nature  not  altogether 
dissimilar  from  Spiritualism,  which 
were  once  scofled  at,  are  now  admit- 
ted by  scientific  men, — ^therefore,  it  is 
said,  Science  is  sure,  sooner  or  later^ 
to  give  a  place  to  this  new  theory. 
The  same  argument  is  often  employed 
in  religious  questions,  where  it  is  con- 
tended that,  because  the  upholders  of 
religion  have  made  many  admissions 
and  yielded  many  points  once  only 
maintained  by  sceptics,  we  are  ab 
inevitably  drifting  towards  ft  complete 
scepticism  at  last.  The  argument  is 
too  foolish  a  one  to  be  employed  save 
in  the  heat  of  theological  controversy, 
and  I  have  wondered  to  find  it  so 
often  even  there.  It  only  requires  to 
be  pushed  one  step  farther  to  become 
a  reductio  ad  absurdum.  Because  the 
representatives  of  Science  or  Religion, 
at  any  particular  epoch,  have  almost 
as  often  as  not  been  opposed  to  new 
discoveries,  therefore  thefe  is  no  truth 
in  either  Science  or  Religion.  Be- 
cause, for  instance,  Harvey's  discovery 
was  scouted  by  the  Medical  Science 
of  his  day,  therefore  the  pretender  of 
ours  who  has  found  out  that  the  earth 
is  flat,  or  that  the  moon  does  not  turn 
upon  her  axis,  is  as  likely  to  be  right 
as  the  Astronomer  Royal.  The  fad, 
then,  that  Sir  George  Lewis,  writing 
in  1849,  spoke  of  Mesmerism  or 
Eledro- Biology  as  a  theory  which  had 
been  quite  long  enough  before  the 
world  to  have  established  its  tru^h  if 
there  had  been  any  in  it,  while  the 
very  fads  of  Eledro- Biology  are  by 
many  looked  to  for  a  probable  expla- 
nation of  Spiritualism,  should  not 
have  more  influence  with  us  than  to 
prevent  our  being  turned  from  a  candid 
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and  thoughtfol  examination  of  the 
tubje^  by  the  passing  effed  of  mere 
prejudice  or  fashion. 

It  is  necessary  to  make  this  remark, 
because  the  more  enthusiastic  spirit- 
ualists seem  now  to  be  sustained  hv 
a  premature  confidence  that  such 
prejudice  and  fashion  are  the  only 
obstacles  which  they  have  to  over- 
come. A  cause  which  is  numerically 
weak  has  some  advantage  when  its 
opponents  think  that  the  weakest  ar- 
guments against  it  will  suffice.  Mere 
laziness,  rather  than  want  of  capacity, 
must  be  blamed  for  the  silly  things 
which  are  constantly  being  said  to 
dispxx>ve  the  truth  of  Spiritualism ; 
but  its  more  thoughtful  supporters 
will  do  well  to  consider  carefully  if 
any  valid  arguments  can  be  produced 
aeainst  them.  It  is  with  the  objed 
of  inviting  such  consideration,  Sir, 
that  I  have  written  this  letter,  which 
must  be  looked  upon  as  an  attempt^- 
however  unsuccessful — to  put  the 
<|uestion  in  the  light  in  which  it  is 
likely  to  be  regarded  when  the 
efifed  of  prejudice  has  worn  away. 
In  the  first  place,  then,  I  think  it 
must  be  at  once  conceded  that  the 
present  popular  explanation  of  Spi- 
ritualism cannot  be  sustained.  This 
popular  explanation  we  know  is  this : 
— ^AU  the  phenomena  are  nothing  but 
a  happy  mixture  of  cheating  and  de- 
lusion. All  those — scientific  men  and 
others — who  have  tried  experiments 
upon  these  fads  are  deceived,  just  in 
the  same  way  in  which  the  writer  or 
'*  the  general  reader  '*  would  be  de- 
ceived by  Messrs.  Maskelyne  and 
Cooke,  only  with  this  difference — that 
we  should  know  we  had  been  tricked, 
and  they  do  not.  This  general  opinion, 
I  think,  must  change.  To  suppose 
that  one  man  after  another  should 
enter  upon  the  examination  of  these 
phenomena  with  a  firm  determination 
to  expose  the  deception,  and  a  perfed 
confidence  of  beine  able  to  do  so,  yet 
should  end  at  last  by  being  the  vidim 
of  common  trickery ;  to  find,  too,  that 
many  of  these  enquirers  were  well 
trained  in  the  habits  of  scientific  ex- 
periment,— ^this  gives  too  rude  a 
shock  to  our  belief  either  in  the  value 
of  human  testimony  or  in  the  power 
of  human  skill  in  deteding  falsehood 
and  discovering  truth.  For  on  the 
hypothesis  of  mere  trickery,  of  these 
three   conclusions    one: — Either  all 


those  enquirers  who  are  ready  to 
vouch  for  the  truth  of  some  of  the 
fads  of  Spiritualism  were — excuse 
the  discourtesy  for  the  sake  of  the 
argument— deliberate  liars;  or  else 
they  were  less  capaUe  of  investi- 
gating these  fads  than  we — ^the  gene- 
ral public — are ;  or,  ftnally,  if  we  had 
investigated  them  we  should  have 
been  likewise  deceived.  Now  I  think, 
without  any  excessive  modesty,  we 
may  put  aside  the  second  hypothesis. 
The  dilemma  in  which  we  stand, 
therefore,  is  this : — Either  concurrent 
human  testimony  of  the  highest 
seeming  charader  is  valueless,  for  all 
those  who  give  it  may  be  deliberate 
liars ;  or  else  we  only  preserve  our- 
selves from  error  by  not  investi- 
gating,— in  other  words,  the  use  of 
enquiry  and  reason  is  not  a  method 
of  discovering  truth.  It  is  difficult 
to  say  which  of  these  two  conclusions 
is  the  most  untenable. 

Must  we,  then,  admit  the  fads,  and 
endeavour  to  discover  some  natural 
law  which  shall  account  for  them  ? 
If  these  fads  had  not  been  of  a 
nature  different  from  those  which  re- 
warded your  earlier  enquiries,  it  would 
teem  as  if  they  might  be  admitted  on 
an  hypothesis  which  would  give  no 
violent  shock  to  our  present  World- 
Theory.  I  need  hardly  say  I  allude 
to  the  hypothesis  which  you  yourself 
started  under  the  name  of  Psychic 
Force.  Science  is  disposed  to  admit 
the  phenomena  to  which  has  been 
given  the  premature  and  rather  mean- 
less  name  of  Eledro-Biology.  This 
series  of  phenomena  includes  the 
adion  of  one  mind  or  brain  upon 
another,  and  through  that  other  brain 
upon  the  muscles  of  the  body  to 
which  it  belongs.  The  Psychic  Force 
theory  extends  this  notion  to  the 
affeding  of  outward  material  objeds 
by  the  same  brain  power.  In  the  or- 
dinary experience  of  life  we  know  of 
but  one  way  of  affeding  another 
brain, — by  the  transmission  of  ideas 
through  the  recognised  channel  of 
speech, — ^just  as  we  know  of  but  one 
way  in  which  the  brain  can  affed  in- 
animate matter, — ^that  is,  by  the  move- 
ment of  the  muscles  of  the  body.  To 
suppose  a  new  exercise  of  this  brain 
power  in  the  second  case  is  scarcely 
more  difficult  than  to  grant  it  in  the 
first.  Yet  this  is  all  the  Psychic 
Force  theory  demands.  As  in  Eledro- 
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Biology,  it  eayg,  we  see  a  new  brain- 
power ading  not  through  the  ordi- 
nary means  of  speech,  but  diredly 
from  brain  to  brain,  so  in  this  case 
we  see  such  a  new  power  ading  not 
only  upon  the  muscles  or  nerve- 
vessels  of  the  body,  but  upon  external 
matter  beyond  the  precise  region  of 
the  body. 

Thus  can  the  theory  be  stated  so 
AS  to  seem  not  to  make  very  large 
demands  upon  our  tolerance;  and 
though  it  must  be  admitted  that  the 
otiose  assent  which  is  at  present 
given  to  Eledtro-Biology  arises  chiefly 
{torn  our  ignorance  of — or  the  absence 
of — exa&  mental  laws,  and  our  com- 
parative indifference  to  such  as  we  do 
know,  nevertheless  some  force  which 
may  be  compared  to  Eledricity  pro- 
ceeding from  the  brain,  under  as  yet 
unascertained  circumstances,  is  cer- 
tainly conceivable.  But  it  is  obvious 
that  the  readiness  with  which  we 
assent  to  such  a  theorem  must  depend 
upon — must,  in  fad,  vary  inversely 
with — the  degree  in  which  these  new 
phenomena  modify  our  former  expe- 
rience. When  it  is  only  a  question 
of  moving  a  plank  or  a  human  body 
a  little  way  in  the  air,  we  might  ac- 
cept it ;  but  if  asked  to  believe  that 
this  Psychic  Force  had  the  power  of 
attrading  a  fresh  comet  (for  this  is 
not  a  radiating  force,  but  can,  at  will 
apparently,  be  made  to  ad  in  any 
particular  diredion  and  on  any  parti- 
cular objed),  we  should  certainly 
refuse.  This  may  be  illogical  of  us, 
seeing  that,  if  there  is  a  new  force 
discovered  or  come  into  being  for  us, 
it  is  as  likely  to  be  a  great  one  as  a 
little  one ;  but  we  should  have  this 
comfort — that  it  could  not  be  long 
before  we  should  be  obliged  to  believe 
in  this  new  force,  were  it  so  powerful 
as  it  was  said  to  be.  Now,  your  later 
discoveries  seem  to  point  out  this 
Psychic  Force  as  the  most  remarkable 
in  Nature.  It  apparently  has  the 
power  of  changing  the  very  charader 
of  matter.  Thus  you  record  the  fad 
of  a  bell  having  been  carried  through 
a  locked  door  without  any  subsequent 
change  in  the  nature  of  either  of  these 
material  substances.  The  Psychic 
Force,  then,  must  be  accredited  with 
the  power  of  suddenly  changing  en- 
tirely the  arrangement  of  the  atoms 
composing  bell  or  door,  or  both,  and 
then  as  suddenly  making  them  return 


to  the  status  quo.  It  must  be  confessed 
that  nothing  can  be  conceived  more 
contrary  to  all  our  past  experience  of 
matter  and  of  force  than  this.  All 
other  experience  teaches  us  that  things 
are  kept  in  their  places  by  a  balance 
of  opposini;  forces.  During  the  sud- 
den rarefadion  of  the  atoms  of  the 
bell  or  door,  it  cannot  but  have  been 
that  some  of  them  came  under  the 
influence  of  quite  new  attradions, 
and  passed  into  an  entirely  new  state. 
How,  then,  can  we  conceive  a  force 
which  should  exert  on  each  atom 
such  a  nicely-adjusted  adion  as  to 
bring  it  back  exadly  in  siatum  quo, 
and  no  more  ?  Is  it  not  clear  that 
such  a  force  differs,  tola  caeloi  from  all 
others  in  Nature,  with  their  **  equal 
and  contrary  readions,"  as  far  as  we 
have  yet  gone  ? 

Other  instances  might  be  cited  if 
necessary ;  but  this  adone  is,  I  con- 
ceive, sufficient  to  show  that  these 
fads  cannot  be  included  under  the 
head  of  **  natural  *'  phenomena.  For 
it  will  be  most  germane  to  our  present 
purpose,  as  well  as  most  agreeable 
with  the  fads  of  Nature,  if  we  draw 
a  distindion  between  '*  natural  "  and 
**  spiritual "  at  that  point  which  di- 
vides us  from  external  nature,  or  mind 
from  matter.  For  I  hold  it  to  be  a 
mere  misnomer  to  speak  of  the  will 
as  a  **  natural  "  force  in  the  sense  of 
coming  under  the  analysis  of  Science. 
Science,  indeed,  rather  professes  to 
disbelieve  in  the  existence  of  this 
force  than  to  correlate  it  with  the 
forces  of  Nature  ;  but  until  any  one 
Will  prophecy  what  a  man  is  going  to 
think  or  do,  and  not  only  safely  after 
the  event,  I  shall  continue  to  believe 
in  it.  Yet  it  certainly  lies  entirely  out- 
side the  view  of  Science.  It  has  no  dis- 
covered correlation  with  **  natural  *' 
forces.  Science  has  simply  nothing  to 
say  to  it  whatever.  A  body  falling  from 
rest  to  the  earth  will  reach  it  in  a  time 
dependent  only  on  the  space  through 
which  it  falls, — but  not  if  I  catch  it 
and  hold  it  in  my  hand  during  a  time 
dependent  only  on  my  own  will.  We 
are  so  used  to  make  these  tacit  ex- 
ceptions that  we  scarcely  realise  that 
the  forces  of  Nature  do  not  ad  here 
with  the  same  regularity  as  if  there 
were  no  wilful  beings  upon  our  planet. 

Keeping  ourselves,  however,  within 
the  limit  of  a  purely  scientific  method, 
we  observe  that  though  this  force  Will 
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has  the  power  of  direding  certain  in- 
ternal forces  of  the  body,  yet  it  never 
ads  upon  matter  but  by  the  use  of 
natural  force.  The  expenditure  of  a 
Certain  amount  of  heat  is  the  equiva- 
lent of  the  muscular  adion  by  which 
I  sustain  the  falling  body  ;  nor  have 
we  any  experience  of  this  force  of 
will  ading  upon  matter  diredly,  with- 
out the  agency  of  known  and  mea- 
surable forces. 

Our  spiritual  theory,  therefore, — 
though,  as  we  have  used  the  word,  it 
makes  no  assumption  of  the  agency 
of  disembodied  spirits, — will  not  aid 
us  much  here,  because  we  have  already 
agreed  that  it  would  require  an  almost 
inconceivable  amount  of  evidence  to 
make  us  believe  in  the  existence  of  a 
force  which  could  make  a  bell  pass 
through  a  door  without  permanently 
altering  the  condition  of  either.  If, 
therefore,  we  are  to  accept  the  spi- 
ritual explanation  of  such  phenomena 
as  these,  it  must  be  as  instances  of 
this  mental  force  ading  diredly  on 
matter  in  a  way  of  whicn  we  have  at 
present  no  experience  whatever.  So 
that  should  by  any  chance  this  **  spi- 
ritual "  theory  be  the  true  one — and  I 
do  not  say  positively  it  is  not — it 
would  seem  that  Science  is  very  un- 
likely to  gain  much  by  these  investi- 
gations. For  she  has  never  yet,  I 
venture  to  think,  gained  anything  by 
the  study  of  Psychology:  I  mean 
that,  for  all  pradical  purposes,  the 
laws  of  Mind  are  as  distmd  from  the 
laws  of  Matter  as  ever  they  were. 

Before,  however,  Science  abandons 
the  field  of  these  phenomena  as  quite 
beyond  her  sphere,  she  is  sure  to  rest 
for  a  long  time  upon  a  different  ex- 
planation of  these  fads,  which,  thougfar 
it  does  not  bring  them  within  the  do- 
main of  Science,  takes  away  their 
importance  by  robbing  them  of  their 
external  reality. 

The  series  of  phenomena  called 
Eledro-Biology  seem  to  be  chiefly 
conneded  together  by  the  effed  which 
can  be  produced  upon  the  brain  of  the 
patient  or  patients  by  some  unknown 
force  generally  believed  to  be  at  the 
command  of  some  person.  This 
c£fed  includes  the  produdion  of  all 
sorts  of  curious  delusions,  and  though 
these  delusions  have  in  no  resped — 
as  far  as  has  been  ascertained — been 
confounded,  after  the  event,  with  the 
experience  of   common  life,  yet,  as 


we  know  so  very  little  of  our  own 
mental  constitution,  there  is  no  reason 
to  feel  sure  that  no  force  is  capable  of 
producing  delusions  which  would  be 
so  confounded.  The  real  difference 
between  our  ordinary  thoughts  and 
those  of  dreams,  trances,  mesmerism, 
&c.,  is,  it  is  to  be  noticed,  the  break 
in  their  continuity.  In  dreams  these 
breaks  occur  not  only  at  the  moment 
of  waking,  but  constantly  throughout 
the  whole  succession  of  ideas.  Thus, 
in  dreams  we  never  walk  upstairs,  or 
from  one  place  to  another, — I  think  I 
am  speaking  advisedly  when  I  say 
never, — but  we  suddenly^ni/  ourselves 
arrived  at  the  fresh  place ;  and  the 
same  breaks  may  be  noticed  all 
through  the  dream.  On  the  other 
hand,  illusions  produced  by  illness 
occur  to  perfedly  sane  people,  with- 
out break  of  continuity ;  though  in 
these  cases  they  are  generally  but  of 
short  duration.  The  Eledro-Biolo- 
gical  explanation  of  Spiritualism 
would  suppose  these  delusions  to  be 
as  long  as  those  produced  in  mes- 
merism, but  also  to  occur  without 
break  in  the  continuity  of  ideas.  1  he 
fad  of  permanent  witnesses  remaining 
to  testify  to  the  occurrence  will  not 
in  this  case  serve,  because  a  perfedly 
natural  occurrence  may  happen,  and 
the  extraordinary  explanation  of  it 
may  be  the  result  of  delusion.  Thus 
it  would,  I  believe,  be  quite  possible  to 
mesmerise  a  person,  then  to  jump 
upon  a  chair  and  write  upon  the 
ceiling,  making  the  person  believe  all 
the  time  that  you  were  floating  in  the 
air.*  Nor  can  we  in  this  case  apply 
the  tests  which  would  have  served  if 
we  adopted  either  the  Psychic  Force 
Theory  or  the  Spiritual  Theory, — ^in 
the  larger  sense  in  which  I  have  used 
this  latter  word, — the  test,  namely,  of 
knowledge  being  ccmmunicated  to 
one  person  in  the  room,  such  as  could 
have  been  known  to  him  alone ;  be- 
cause all  this,  the  whole  idea  of  this 
knowledge  or  of  any  communication, 
may  have  been  part  of  the  delusion. 
Take,  for  instance,  the  case  in  which 
you  received  communications  by 
means  of  the  Morse  alphabet.  The 
whole  idea,  from  beginning  to  end, 

*  The  same  explanation  would,  I  think, 
apply — muiatis  mutandis— to  the  spirit  pho- 
tographs, i  ouly  suppose  cheating  on  the 
part  of  some  person,  to  make  the  argument 
tiearer— it  docs  not  make  it  any  stronger. 
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may,  according  to  this  theory,  he  a 
delusion ;  all  that  originated  with 
the  Medium  (or  blind  Biological 
Force,  possihiy)  being  the  idea  put 
into  your  mind  of  having  received  a 
special  message,  the  rest  being  left 
to  a  certain  unconscious  constructive 
power  which  the  mind  has,  as  we 
know  from  dreams,*  &c. 

I  can  imagine  that  such  an  expla- 
nation may  be  to  you  and  your  fellow- 
investigators  a  distasteful  one,  though 
not,  so  far  as  I  can  see,  altogether 
reasonably  so;  nor  am  I  ignorant 
that  some  fadts  are  conceivable  which 
would  make  this  theory  untenable. 
But  I  do  not  think  at  present  that 
these  fa&s,  if  they  exist,  have  been 
produced;  and  until  they  are  pro- 
duced I  feel  sure  that  this  is  the 
explanation  on  which  Science  will 
ultimately  rest, — being,  indeed,  the 
most  reasonable  from  a  purely  scien- 
tific stand-point,  though  not  on  that 
account  necessarily  the  true  one. 
For  Science,  I  hold,  is  not  the  same 
thing  as  Philosophy,  and  does  not 
embrace  the  whole  World-Theory  of 
any  man.    The  consideration  of  the 

*  As,  for  inita&ce,  when  we  hear  a  noise  ia 
sleep  we  almost  ulvrteyn  make  it  fit  in  with 
oar  dxcams. 


subjed  from  a  philosophical  stand- 
point would  be  somewhat  different, 
and  is  not  at  present  within  my  scope. 
The  difference  may,  however,  be 
hinted  in  the  following  way : — If  the 
Ele&ro-Biological  Theory  is  true,  it 
would  seem  very  probable  that  these 
delusions  are  the  result  of  certain  un- 
discovered physical  conditions  of  the 
mind,  rather  than  the  conscious  action 
of  one  person*s  will  upon  others. 
Now,  suppose  these  conditions  liable 
to  affedt  all,  so  that — %\ithout  any 
break  in  the  continuity  of  our  ideas — 
we  were  all  liable,  under  certain  cir- 
cumstances, to  see  bells  pass  through 
doors.  What  would  be  the  difference 
in  this  case  from  the  fadt  •  that  bells 
could,  under  certain  circumstances, 
pass  through  doors  ?  An  attentive 
consideration  of  this  question  will 
show  us  that  if  these  **  certain  cir- 
cumstances '*  were  the  same  for  all, 
there  would  be  no  difference.  But 
that  they  are  the  same  for  all  those 
who  simultaneously  are  affedted  by 
the  delusion  our  theory  presupposes. 
If  therefore  the  delusion  became  uni- 
versal, it  would  cease  to  be  a  delusion 
and  become  a  fact, — I  am,  &c., 

Charles  Francis  Kbary. 
British  Mnsenm. 
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MINING. 

SoMB  reitearches  on  the  geology  of  the  mioing  distrid^a  of  Cornwall,  with 
special  reference  to  the  formation  of  mineral  veins,  have  recently  been  sub- 
mitted to  the  Geological  Society  by  Mr.  John  A.  Phillips,  whose  extended 
study  of  the  microbcopic  strudure  of  Cornish  rocks  and  veinstones,  coupled 
with  his  chemical  examination  of  the  rocks,  must  needs  give  peculiar  weight 
to  the  conclusions  which  he  has  reached.  He  believes  that  the  vein-fissures 
of  the  tin-  and  copper- bearing  lodes  of  Cornwall  were  the  result  of  forces 
adting  subsequently  to  the  solidification  of  the  elvans,  but  in  the  same  general 
diredion  as  those  which  gave  rise  to  the  eruption  of  this  rock.  The  fissures 
produced  by  these  forces  afterwards  became  filled  with  minerals,  which  were 
deposited  by  chemical  adion  from  waters  circulating  through  them :  these 
waters  were  probably,  in  some  cases,  at  a  high  temperature,  through  contad 
with  highly-heated  rocks  at  great  depths,  but  in  other  cases  the  temperature 
of  the  circulating  waters  appears  to  have  been  but  moderate,  and  the  adion 
consequently  but  slow.  It  seems  impossible  to  determine  to  what  extent  these 
deposits  were  produced  by  waters  rising  from  below,  or  how  far  they  were  in- 
6uenced  by  lateral  percolation,  but  the  latter  adion  has  probably  been 
important.  Contad-deposits  and  stock-works  have  been  formed  by  analogous 
chemical  adion,  set  up  either  in  fissures  resulting  from  the  jundion  of  dis- 
similar rocks,  or  in  fradures  .produced  during  the  upheaval  of  partially* 
consolidated  eruptive  masses.  England,  unlike  Germany,  has  so  few  exp^ 
rienced  miners  who  are  at  once  good  chemists,  mineralogists,  and  geologists, 
that  such  a  paper  from  a  man  like  Mr.  Phillips  is  certainly  a  rarity,  and 
deserves  accordingly  to  be  thoughtfully  studied  by  the  scientific  metal-miner. 

A  description  of  the  deposits  of  phosphorite  in  North  Wales  has  recently 
been  laid  before  the  Geological  Society,  by  Mr.  D.  C.  Davies,  of  Oswestry. 
The  phosphorite  bed  varies  from  zo  to  15  inches  in  thickness,  and  occurs  at 
the  top  or  the  Bala  limestone  over  a  considerable  area,  having  been  found  in 
various  localities  from  Llanfyllin  to  the  hills  north  and  west  of  Dinas  Mawddy. 
The  bed  appears  to  consist  of  concretions  of  various  sizes,  embedded  in  a 
black  matrix.  It  is  notable  that  the  nodules  are  coated  externally  with  a  thin 
black  film  of  some  graphite-like  mineral.  The  concretions  contain  about 
64  per  cent  of  tribasic  phosphate  of  lime,  whilst  the  average  proportion  in  the 
entire  bed — including  nodules  and  matrix — is  about  46  per  cent,  This  deposit 
has  been  worked  at  certain  points,  and  promises  to  become  an  important  oojed 
of  exploration. 

It  is  reported  that  a  very  large  deposit  of  phosphate  of  lime  has  been  disco- 
vered in  the  island  of  Amba,  in  the  Caribbean  Sea. 

Some  interesting  relics  of  ancient  mining  have  been  recently  brought  to 
notice  by  Prof.  Boyd  Dawkins,  who  has  discovered — in  the  old  workings  near 
Alderley  Edge,  in  Cheshire — a  large  number  of  rude  stone  hammers,  similar 
to  those  which  have  been  found  in  association  with  old  copper-mines  at  Lake 
Superior,  in  Spain,  Portugal,  and  elsewhere.  It  is  difficult  to  fix  the  age  in 
which  these  rude  mauls  and  picks  were  used  in  Cheshire,  but  it  is  probable 
that  they  go  back  beyond  the  range  of  our  history,  and  may  therefore  be  fairly 
called  **  pre-historic."  They  were  found  on  «Lord  Stanley's  property,  where 
the  copper-bearing  sandstones  of  the  Trias  are  now  worked  by  the  wet-way, 
It  appears,  however,  that  some  old  slags  discovered  in  the  neighbourhood  were 
not  found  to  contain  any  copper,  and  hence  it  is  probable  that  other  metali 
may  also  have  been  worked  here  at  a  comparatively  early  date. 

As  mining  geologists  must  take  a  good  deal  of  interef^t  in  the  deep  boring  at 
Netherfield,  generally  known  as  the  Sub-Wealden  Exploration,  we  may  men- 
tion that  the    Committee — after  having  spent  many   months  in    fruitlesa 
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attempts  to  recover  the  boring-tooU,  which  had  unfortunately  fallen  to  the 
bottom  of  the  deep  hole — came  to  the  bold  conclusion  that  the  old  bore  should 
be  abandoned,  and  that  a  new  one  should  be  commenced  by  the  Diamond 
Rock- Boring  Company.  The  original  boring  had  reached  a  depth  of  upwards 
of  1000  feet,  and  was  advancing  well  in  the  Oxford  Clay,  but  it  was  found  on 
survey  to  be  slightly  out  of  the  perpendicular,  and  the  recovery  of  the  lost 
tools  seemed  altogether  hopeless.  Under  these  unfortunate  circumstances 
the  Diamond  Company  generously  undertook  to  put  down  a  looo-foot  bore, 
with  lining,  at  the  cost  of  only  ;^6oo.  After  a  good  deal  of  discussion  as  to 
the  seledion  of  the  new  site,  it  was  agreed  that  the  second  boring  should  be 
close  to  the  first,  and  accordingly  the  Netherfield  bore-hole  No.  2  was  com- 
menced on  February  nth.  A  6-inch  crown  is  employed,  and  cores  of  almost 
this  size  are  now  being  eztraded. 

Since  the  Sub-Wealden  boring  has  attained  to  a  considerable  depth,  atten- 
tion has  been  diredled  to  other  deep  borings,  and  to  the  difficulties  experienced 
in  such  undertakings.  Perhaps  the  most  interesting  of  these  deep  bore-holet 
is  that  which  was  sunk  a  few  years  ago  at  Sperenberg,  about  25  miles  south 
of  Berlin.  The  rock  at  the  surface  was  gypsum,  but  this  passed  down  into  an 
enormously  thick  deposit  of  rock-salt.  The  boring  was  commenced  on  the 
25th  of  April,  1867,  and  on  reaching  a  depth  of  984!  feet  (956  Prussian  feet), 
in  July,  1868,  it  was  stopped,  in  order  that  steam-power  might  be  substituted 
for  hand-labour.  After  the  arrangements  for  introducing  steam  were  com- 
pleted, the  boring  was  resumed,  and  continued  uninterruptedly  from  January, 
1869,  to  September,  187 1,  when  the  hole  had  reached  the  extraordinary  depth 
of  41724  feet  (405i'6  Prussian  feet). 

The  **  Colliery  Guardian,"  in  its  issue  for  the  ist  of  January,  published 
some  interesting  statistical  tables,  giving  a  complete  record  of  the  lives  lost 
by  colliery  accidents  during  the  thirteen  years  which  ended  on  December  3xst, 
1873.  Without  analysing  these  figures,  we  may  state  that  the  grand  totals 
show  that  the  aggregate  number  of  deaths  during  this  period  amounted  to 
13,756.  Of  this  number,  2790,  or  only  little  more  than  one-fifth,  were  due  to 
explosions.  The  improved  condition  of  our  mines  is  seen  by  the  fadt  that  in 
1861  one  life  was  sacrificed  for  every  91,240  tons  of  coal  raised,  whereas  in 
1873  one  life  was  lost  for  every  1331677  tons  of  fuel. 

It  would  be  wrong  to  conclude  this  Chronicle  of  Mining  without  mentioning 
that  the  Murchison  Medal  has  this  year  been  awarded,  by  the  Geologicu 
Society,  to  Mr.  W.  Jory  Henwood,  of  Penzance,  as  a  well-merited  recognition 
of  his  labours  in  mining-geology.  Mr.  Henwood's  valuable  observations  on 
mines  in  almost  every  part  of  the  globe  will  be  found  in  the  fifth  and  eighth 
volumes  of  the  '*  Transadions  of  the  Geological  Society  of  Cornwall,**  two 
volumes  of  which  are  entirely  devoted  to  his  papers,  and  are  an  enduring 
proof  of  the  success  with  which  he  has  brought  a  sound  scientific  knowledge 
to  bear  upon  the  miner's  art. 

METALLURGY. 

Remarkably  little  progress  appears  to  have  been  made  during  the  past 
quarter,  either  in  the  development  of  any  branch  of  our  metal  industries  or  in 
tne  publication  of  papers  bearing  upon  the  scientific  asped  of  metallurgy. 
Our  report  is  consequently  somewhat  meagre. 

With  respe^  to  the  metallurgy  of  iron,  we  may  mention  that  certain  im- 
provements in  puddling  have  been  patented  by  Sir  J.  G.  Alleyne,  of  the 
Butterly  Iron  Works.  He  provides  his  furnaces  with  four  regenerative  cham- 
bers ;  two  for  gas,  and  two  for  air.  The  rabble  used  consists  of  iron  bars  or 
tubes,  bent  to  a  loop  or  crank  form,  and  made  to  revolve  on  a  horizontal  axis, 
so  that  the  loop  or  crank  can  sweep  through  the  metal  in  the  basin  of  the 
furnace. 

An  improved  rotary  puddling  furnace  has  been  devised  by  M.  Ehrenwertb. 
This  furnace  has  a  revolving  sole,  moved  by  a  system  of  geared  wheels.  As 
the  charge  of  pig-iron  melts,  the  sole  is  put  in  motion,  and  the  metal  is  worked 
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by  means  of  rabbles  furnished  with  peels  set  obliquely.    The  rabbles  rest  on 
cones,  and  may  be  moved  by  either  manual  labour  or  steam-power. 

Some  improvements  in  the  manufadure  of  iron  and  steel  have  been  intro- 
duced by  Mr.  Willans.  During  the  re-heating  of  the  iron  he  injeds  into  the 
furnace  oil,  creosote,  carbonic  oxide,  or  other  substances  containing  carbon  or 
hydrogen,  in  order  to  prevent  the  oxidation  of  the  metal.  Steel  tubes  may  be 
made  by  employing  soft  steel,  which  is  easy  to  draw,  and  then  annealing  this 
in  the  presence  of  deoxidising  agents. 

A  process  for  tempering  steel,  invented  by  MM.  Gamaut  and  Seigfield,  has 
been  acquired,  it  is  reported,  by  the  United  States  Government.  It  consists  in 
beating  the  steel  to  cherry-redness,  and  then  sprinkling  it  with  common  salt. 
At  a  later  stage  of  the  working  a  mixture  is  employed,  containing  chloride  of 
sodium,  sulphate  of  copper,  sal-ammoniac,  carbonate  of  soda,  and  saltpetre. 
Finally,  the  steel — having  been  brought  to  a  cherry-red  heat — is  plunged  into 
a  bath  containing  alum,  carbonate  of  soda,  sulphate  of  copper,  saltpetre,  and 
chloride  of  sodium. 

Mr.  J.  M.  Oubridge,  of  Middlesbro*,  has  recently  read,  before  the  Cleveland 
Institution  of  Engineers,  a  paper  **  On  the  Construdion  of  Foundries."  He 
sketches  the  way  in  which  he  believes  a  foundry  should  be  construded,  and 
enters  into  technical  details  suggested  by  his  own  experience.  The  paper  has 
been  reproduced  in  the  columns  of  **  Iron.** 

For  many  years  past  antimony  ore  has  been  worked  and  reduced  in  Borneo 
and  of  late  years  mercury  has  also  been  extraded.  A  description  of  the 
methods  followed  in  mining  and  smelting  these  minerals  has  been  laid  before 
the  Tyne  Chemical  Society,  by  Mr.  T.  Down,  jun.  The  antimony  mines  are 
at  Jambusan,  about  30  miles  from  Sarawak.  The  ore — ^which  is  principally 
the  sulphide,  although  native  antimony  and  the  oxide  also  occur — is  found  in 
veins  running  through  limestone,  and  in  derived  boulders.  A  charge  of  about 
30  cwts.  of  ore  is  introduced  into  a.specially-construded  reverberatory  furnace, 
where  it  is  liquated.  The  crude  metal  is  run  into  cast-iron  moulds,  while  the 
oxide  which  has  been  volatilised  is  colleded  in  long  flues.  The  cinnabar 
occurs  disseminated  through  a  rock,  said  to  be  a  basalt,  at  Tegora,  about 
10  miles  from  Jambusan. 

MINERALOGY, 

In  compliment  to  Hofrath  Kopp,  of  Heidelberg,  the  name  of  KoppiU  has 
recently  been  given — by  Prof.  Knop,  of  Carlsruhe — to  a  mineral  from  the 
Kaisersthuhl,  previously  mistaken  for  pyrochlore.  It  is  found  to  be  a  niobate 
of  various  metals,  including  calcium,  cerium,  lanthanium,  didymium,  potas- 
sium, sodium,  &c. :  a  part  of  the  oxygen  appears  to  be  replaced  by  fluorine. 
Koppite  occurs,  with  apatite  and  magnoferrite,  in  the  granular  limestone  of 
the  Kaiserstuhl. 

Some  interesting  researches  on  the  composition  of  Autunite,  with  special 
reference  to  the  condition  in  which  the  water  exists,  have  been  undertaken  by 
Prof.  A.  H.  Church,  and  the  results  published  in  the  **  Journal  of  the  Chemical 
Society.**  Specimens  recently  raised  in  the  neighbourhood  of  Redruth  were 
tubjeded  to  examination,  and  compared  with  others  from  near  Autun,  in 
France.  The  powdered  mineral  submitted  to  dry  air,  confined  over  oil  of 
vitriol,  lost  between  8  and  9  per  cent  of  water,  at  the  same  time  becoming 
fragile  and  losing  its  transparency.  These  changes  seem  to  indicate  that  the 
water  thus  removed  is  not  moisture  accidentally  present  in  the  interstices  of 
the  substance,  but  water  which  is  absolutely  essential  to  the  constitution  of 
the  mineral.  Over  oil  of  vitriol  in  vacuo  a  further  loss  of  water  occurs, 
reaching  about  15  per  cent.  Prof.  Church*s  analyses  lead  to  the  following 
formula  for  the  unaltered  crystals : — (Ua03.CaO)P305.ioHaO;  and  show  that 
Autunite  dried  in  vacuo  has  only  two  molecules  of  water  instead  of  ten. 
Torbneriie,  a  phosphate  of  copper  and  uranium,  closely  allied  to  Autunite,  did 
not  exhibit  a  similar  behaviour  when  dried. 

Prof.  Weisbach,  of  Freiberg,  has  described  a  mineral  brought  by  Herr  Simon 
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from  Mancayan,  in  the  island  of  Luzon,  to  which  the  name  of  LusorUU  has 
been  given.  It  occurs,  associated  with  enargite,  in  veins  of  copper  ore.  Dr. 
C.  Winkler's  analysis  shows  that  it  is  an  arsenio-sulphide  of  copper,  having 
essentially  the  same  composition  as  enargite,  which  is  consequently  dimor- 
phous. 

Rauite  is  the  name  which  has  been  bestowed  upon  a  new  zeolitic  mineral 
from  Brevi^,  in  Norway,  described  by  Herr  PaykuU.  It  appears  to  be  closely 
related  to  Thomsonite,  and  to  result  from  the  alteration  of  Elseolite. 

Some  interesting  pseudomorphs  from  the  Tilley  Fort  Iron  Mines,  in  Putnam 
Co.,  New  York,  have  been  described  in  the  **  American  Journal  of  Science  " 
by  Prof.  Dana.  After  sketching  the  geological  strudure  of  the  distrid,  he 
describes  the  several  kinds  of  pseudomorphs ;  sonte  consisting  of  serpentine, 
or  of  serpentine  and  dolomite,  whilst  others  are  composed  of  brucite,  mag- 
netite, pyrrhotite,  &c. 

Dr.  J.  Lawrence  Smith  has  called  attention  to  a  curious  association  of 
essonite,  or  cinnamon-stone, — a  variety  of  gamet,^and  green  idocrase,  with 
datholite,  in  limestone,  at  Santa  Clara,  California.  This  is  the  first  instance 
in  which  datholite  has  been  observed  in  association  with  f?amet  and  idocraae. 
Analyses  are  published  of  the  several  minerals  here  described. 

By  the  same  chemist  we  have  a  note  on  Warwiekite^  recently  presented  to 
the  French  Academy.  This  rare  mineral  is  a  boro-titanate  of  magnesia  and 
iron,  originally  described  by  Shepard. 

It  may  be  interesting  to  the  mineralogist  to  know  that  M.  Radominski  ham 
succeeded  in  artificially  producing  the  two  rare  minerals  monaziU  and 
xenotims.  The  former  is  a  phosphate  of  cerium,  lanthanium,  and  didymium, 
whilst  the  latter  is  a  phosphate  of  yttrium  with  the  monazite  metals. 

Some  notes  by  Mr.  W.  Skey,  of  New  Zealand,  contributed  to  the  **  Chemical 
News,"  are  of  much  interest  to  the  mineralogist,  from  their  bearing  upon  the 
origin  of  TorbanitSf  or  the  celebrated  Torbane  Hill  mineral.  By  allowing 
petroleum  to  filter  through  clay,  he  obtained  a  substance  strikingly  resembling 
the  natural  mineral,  and  he  concludes  that  Torbanite  is  not  a  coal,  but  a 
chemical  combination  of  an  acid  hydrocarbon  with  silicate  of  alumina. 

Attention  has  recently  been  called  by  M.  Daubr^e  to  some  highly  interesting 
examples  of  the  formation  of  metallic  minerals  within  a  comparatively  recent 
period.  M.  Daubr^e's  observations  on  the  minerals  formed  in  the  Roman 
works  at  the  hot  springs  at  Plombiires  are  well  known  ;  but  the  present  illus- 
trations have  been  presented  by  the  hot  springs  of  Bourbonne-les-Bains,  in 
the  Department  of  the  Haute  Marne.  It  appears  that  during  some  recent 
excavations  the  bottom  of  the  old  Roman  well  was  laid  bare,  exposing  a  bed 
of  mud,  in  which  a  number  of  bronze,  silver,  and  gold  antiquities  were  disco- 
vered. This  bed  rested  on  a  deposit  of  fragments  of  rock  cemented  into  a 
brecciated  mass  by  the  crystallised  metallic  sulphides,  Among  these  were 
found  examples  of  copper-pyrites  (sulphide  of  copper  and  iron),  copper-glasce 
or  vitreous  copper-ore  (disulphide  of  copper),  purple  copper-ore  or  erubexite 
(sulphide  of  copper  and  iron),  and  fahlerz  or  tetrahedrite  (sulphide  of  copper 
and  antimony).  It  is  true  that  most  of  these  had  been  found  in  other  locali- 
ties, under  somewhat  similar  circumstances,  but  the  occurrence  of  the  fahlerz 
in  sharp  tetrahedral  crystals  has  not  been.previously  recorded  from  any  depo- 
sits of  this  chara^er.  Altogether  the  association  is  strikingly  like  that  in 
tome  of  our  old  copper-lodes,  yet  the  deposit  in  question  is  certainly  not  older 
than  sixteen  hundred  years.  The  bronze  objeds  have  been  much  attacked, 
but  the  silver  has  not  been  aifeded. 

GEOLOGY. 

Physical  Geology, — ^The  plant-bearing  series  of  India  has  been  shown  by 
Mr.  H.  F.  Blanford  to  range  from  early  Permian  to  the  latest  Jurassic  times, 
indicating  thiat,  with  few  and  local  exceptions,  land  and  fresh-water  conditions 
had  prevailed  uninterruptedly  over  its  area  during  this  long  lapse  of  time,  and 
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perhaps  even  from  an  earlier  period.  In  the  early  Permian  there  is  evidence 
in  the  shape  of  boulder-beds  and  breccias  underlying  the  lowest  beds  of  the 
Talchir  group  of  a  prevalence  of  cold  climate  down  to  low  latitudes  in  India, 
and  as  the  observations  of  geologists  in  South  Africa  and  Australia  would 
seem  to  show  in  both  hemispheres  simultaneously.  With  the  decrease  of  cold 
the  author  believed  the  Flora  and  Reptilian  Fauna  of  Permian  times  were 
diffused  to  Africa,  India,  and  perhaps  Australia ;  or  the  Flora  may  have  existed 
somewhat  earlier  in  Australia,  and  have  been  diffused  thence.  The  evidence 
he  thought  showed  that  during  the  Permian  epoch  India,  South  Africa,  and 
Australia  were  cunneded  by  an  Indo-oceanic  continent,  and  that  the  first  two 
remained  so  connected,  with  at  the  utmost  some  short  intervals,  up  to  the  end 
of  the  Miocene  period.  During  the  latter  part  of  the  time  this  continent  was 
also  connected  with  Malayana.  The  position  of  the  conneding  land  was  said 
to  be  indicated  by  the  range  of  coral  reefs  and  banks  that  now  exists  between 
the  Arabian  Sea  and  West  Africa.  Up  to  the  end  of  the  Nummulitic  epoch, 
except  perhaps  for  short  periods,  no  dired  connedion  existed  between  India 
and  Western  Asia. 

Mr.  J.  W.  Judd  has  carried  hit  investigations  into  the  strudure  and  age  of 
Arthur's  Seat,  Edinburgh;  he  believes  that  in  it  we  have  the  relics  of  a 
volcano,  which  was  at  first  submarine,  but  gradually  rose  above  the  Carbo- 
niferous Sea,  and  was  the  produd  of  a  single  and  almost  continuous  series  of 
eruptions. 

Palaontohgy. — Messrs.  Hopkinson  and  Lapworth  have  described  forty-two 
species  of  Graptolites  from  the  Arenig  and  Llandeilo  rocks  of  North  Wales. 
The  Arenig  rocks  contain  a  number  of  species,  which  ally  them  to  the  Quebec 
group  of  Canada. 

The  publication  of  a  series  of  decades,  or  numbers  containing  ten  plates, 
illustrative  of  the  paleontology  of  Vidoria,  has  been  commenced  by  Professor 
M*Coy.  The  first  decade  contains  figures  and  descriptions  of  Graptolites, 
Marsupiata,  Molhisca,  Plants,  and  Star-fishes.  Nearly  all  the  species  of 
Graptolites  can  be  identified  with  species  found  in  England  or  America. 
Extind  forms  of  Kangaroo  and  Wombat  are  described.  Amongst  the  Mollusca, 
species  of  Voluta  seem  scarcely  distinguishable  from  our  Eocene  forms.  The 
plant-remains  described  include  species  of  ZamiUs  and  Lepidodendron  ;  the 
star-fishes  belong  to  the  family  Urasterida, 

Obituary. — By  the  death  of  Sir  Charles  Lyell,  geological  science  has  lost  its 
greatest  leader,  one  who,  for  a  period  of  half-a-century,  has  been  devoted  to 
Its  advancement.  He  was  bom  in  2797,  and  in  1819  was  eleded  a  Fellow  of 
the  Geological  Society  of  London ;  he  was  President  in  1835,  and  again  in 
Z849.  ^i''  Charles  Lyell  is  deservedly  designated  the  Historian  of  Geology ; 
the  amount  of  original  research  in  the  shape  of  detailed  investigation  which 
he  performed  has  been  exceeded  by  many  of  our  distinguished  geologists  of 
the  past  and  present ;  but  the  experience  gained  during  travel,  and  the  philo- 
sophical dedudions  he  was  enabled  to  draw  in  explaining  the  past  history  of 
the  earth  by  the  light  of  the  present,  in  his  *'  Principles  of  Geology,'*  and  in 
bringing  together,  in  his  **  Elements"  and  **  Manual,"  the  known  fads  of  geology, 
enabled  him  to  influence  the  progress  of  the  science  more  than  any  other  man. 
The  '*  Antiquity  of  Man,  or  early  History  of  the  Human  Race,"  place  all  under  a 
great  debt  of  gratitude  to  the  illustrious  author.  Although  to  the  last  he  lost 
none  of  his  interest  in  the  progress  of  science,  yet  even  in  1866,  when  he  received 
the  Wollaston  Medal,  he  observed  that  every  year  he  felt  less  able  to  keep  pace 
with  the  ever-increasing  rate  at  which  geology  is  expanding,  together  with  the 
numerous  sciences  which  are  so  intimately  conneded  with  it. 

Professor  Marsh  has  recently  returned  from  an  expedition  to  the  Rocky 
Mountains,  where,  south  of  the  Black  Hills,  a  deposit  of  Miocene  age  was 
found  to  be  exceedingly  rich  in  Mammalian  remains.  Nearly  two  tons  of 
fossil  bones  were  colleded,  including  several  species  of  gigantic  Bron- 
iotherida.  Professor  Hayden  has,  however,  lately  expressed  his  opinion  that 
the  genus  Brontothtrium  of  Marsh  is  synonymous  with  the  Titanothetium  of 
Leidy,  of  which  there  are  probably  not  more  than  two  species. 
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PHYSICS. 
LlOHT.— At  the  late  Indaitrial  Eihibition  of  the  Franklin  Institate  in  Phi- 
ladelphia, as  also  at  Ibe  like  Exhibiiion  of  the  Ameiican  Institute  in  New 
York,  lilvei  medals  were  awarded  for  tbe  vertical  lantern  shown  io  the  accom- 
panyiDg  figure,  which  ii  manufaAured  by  the  inscniment  makers  to  the 
meveos  Institute  of  Technology,  Hobokcn,  N.J.  The  cut  shows  the  appa- 
ratus as  adjusted  to  exhibit  on  the  screen  such  objei9s  as  waves  in  water, 
cabesion  6gures,  and  the  like.  The  light  from  the  litnc  cylinder  or  elefiric 
arc  passes  tbrougb  two  lar^  lenses,  by  which  it  is  thrown  in  a  parallel  beam 
on  an  inclined  mirror  in  the  triangular  boa  in  front.  By  this  it  is  reSeded 
upwards,  and  is  condensed  by  a  large  lens  standing  boruontally  on_top  oT 


the  same  triangular  boi,  so  at  to  pass  into  the  objeaive  above,  and  is  then  by 
the  small  upper  mirror  thrown  on  a  screeh.  This  upper  mirror,  with  the 
objedive,  is  carried  by  a  bar  provided  rvith  rackwork,  by  which  an  accurate 
adjustment  for  focus  can  be  made.  The  objeas  rest  dircaiy  on  the  plate 
holding  (he  large  horitontal  condenser.  When  the  apparatus  is  to  be  used  for 
ordinary  objeds  which  can  be  held  in  a  vertical  position,  a  litile  screw  in  the 
front  of  the  horizontal  plate  in  taken  out,  and  then  the  liiangular  box  carrying 
the  lower  mirror  is  removed,  allowing  the  hoiiionlal  plate  to  swing  down  into 
•  vertical  position,  carrying  with  it  the  rackwork  bar  and  objefiive  into  tbeir 
proper  positions. 

HICROBCOPV.— Mr.  T.  Charters  White,  at  a  rrcenl  meeting  of  the  Queketl 
Microscopical  Club,  gave  the  results  of  his  experience  in  maintaining  small 
Marine  Aquaria,  for  the  purpose  of  supplying  objeda  for  a  microscopical  study- 
Almost  any  vessel  capable  of  holding  a  quart  or  more  of  water  may  be  made 
use  of,  although  the  tank  preferred  by  Mr.  While  is  the  well  known  form 
construAed  of  slate  and  glass,  divided  into  two  portions  by  a  sloping  par- 
tition, on  which  the  rockwork  is  arranged,  the  lower  part  being  devoted  to  the 
storage  of  sea-water  away  from  the  influence  of  !i|;ht,  and  consequenlly  in  a 
quiescent  state ;  this  arrangement  renders  the  maintenance  of  (he  water  in  a 
healthy  condition  much  easier  than  when  the  whole  contents  of  the  tank  are 
freely  exposed.    To  establish  a  new  aquarium  requires  considerable  care,  and, 
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owing  to  the  negled  of  a  few  necessary  precautions,  failures  are  common. 
The  tank,  with  its  rockwork,  should  be  filled  with  frtsh  water,  and  all  the 
soluble  lime  salts  in  the  cement  used  in  attaching  the  pieces  of  stone  soaked 
out ;  this  may  take  a  week  or  two,  and  must  on  no  account  be  hurried.  After- 
wards the  sea-water,  natural  or  artificial,  may  be  introduced,*  and  some  ponds 
of  Ulva  or  other  suitable  seaweeds  placed  in  the  tank,  the  objedi  being  to  pro- 
mote the  growth  of  minute  algae  on  the  surface  of  the  rockwork.  A  seaweed 
already  growing,  although  attached  to  stone,  cannot  be  trusted  to  maintain 
the  necessary  supply  of  oxygen,  as  it  but  rarely  establishes  itself  and  forms 
vigorous  plants.  The  rock  should  consist  of  sandstone  or  mica  schist,  both 
having  surfaces  favourable  to  the  growth  of  the  minute  vegetation  so  much 
needed,  and  suitable  for  the  attachment  of  zoophytes  and  other  microscopic 
animals.  When  a  good  crop  of  weed  has  established  itself,  which  will  be 
ea3ily  known  by  the  copious  evolution  of  air  bubbles  from  the  coated  surface 
of  the  stone,  animal  life  may  be  cautiously  added,  a  few  sea-anemones  and 
serpuls ;  but  fish,  crustacese,  or  any  of  the  more  aAive  creatures  must  be 
carefully  excluded  from  an  aquarium  devoted  to  the  culture  of  minute  animal 
and  vegetable  organisms.  The  microscopic  stock  finds  its  way  into  the  tank 
by  means  of  germs,  which  are  sure  to  come  with  weed  and  rock,  brought  fresh 
from  the  sea.  The  Foraminifera^  Hydroida^  Polysoa^  and  other  minute  forms, 
are  not  long  in  making  their  appearance,  and  supply  the  microscopist  with  an 
unending  source  of  material  for  investigation.  Microscopic  slides  should  be 
placed  in  various  parts  of  the  aquarium,  as  minute  growths  developing  on 
them  can  readily  be  removed  for  examination.  Artificial  aeration,  which  is 
carried  on  with  such  great  success  at  the  Crystal  Palace  and  elsewhere,  is 
hardly  needed  in  small  aquaria  containing  only  a  few  small  and  inadive 
animals,  but  it  can  be  obtained  to  a  sufficient  extent,  by  allowing  water  from 
a  suitable  source  of  supply  to  fall  into  the  aquarium  through  a  glass  tube 
drawn  out  to  a  point ;  this  small  stream  will  carry  with  it  a  large  quantity  of 
air  bubbles,  and  greatly  aid  in  maintaining  the  purity  of  the  water.  Sea- 
water  must  on  no  account  be  allowed  to  come  in  contad  with  any  portion  of 
metal. 

Mr.  Ingpen,  Secretary  of  the  Quekett  MicroHopical  Club,  communicated 
some  notes  on  **  Personal  Equation  *'  as  affecting  microscopical  observations. 
The  term  is  a  well  known  one  in  pradical  astronomy,  and  the  same  causes 
disturb  microscopical  results,  although,  in  the  latter  case,  they  are  not  so  well 
recognised.    Mr.  Ingpen  called  attention  to  the  following  points : — 

I.  Mental  equation,  as  causing  differences  in  interpretation,  particularly 
with  regard  to  test  objeAs. 

II.  Nervous  equation,  as  shown  by  varied  sensibility  to  tremors,  &c. 

III.  Colour,  Difficulty  in  estimating  colour,  as  noted  in  Admiral  Smyth's 
"  Sidereal  Chromatics."  Right  and  left  eye  often  differ  in  this  resped. 
Effed  of  yellow  crystalline,  referred  to  by  Professor  Liebrich  in  his  ledure  on 
**  Turner  and  Mulready."  Difference  in  visibility  of  violet  end  of  spedrum, 
amounting,  in  some  cases,  to  a  slight  fluorescence.  Effed  of  bluish  mist, 
caused  by  slight  opacity  of  cornea  upon  estimation  of  the  correction  of  objec- 
tives. Colour  blindness  often  existing  in  a  slight  degree  unsuspeded,  and 
difficult  of  detedion. 

IV.  Focal  Equation.  Differences  in  effed  of  long  and  short  sight  upon  cover 
corredion,  &c. ;  also  upon  depth  of  focus,  and  power  of  resolving  surface 
markings.  Differences  in  size  of  images  formed  by  right  and  left  eye,  and 
consequent  effed  upon  binocular  vision.  Want  of  accommodation  and  pseu* 
doscopic  vision,  &c. 

*  Where  natxml  lea-water  cannot  readily  be  procured,  the  following  artificial  tubatitttte 
frooi  the  formula  of  Mr.  P.  H.  Gosse  may  be  used  :— 

Chloride  aodium  (common  talt)       . .     . .       3!  ooncea. 

Salphate  magnesia  (Epaom  aalta)  . .     ..         jounce. 

Chloride  miignesiam 200  graina. 

Chloride  potassium      40      „ 

Water      z  gallon. 

The  iodidea,  bromides,  and  some  lime  salts  found  in  minute  proportion  in  sea-water  are  not 
included,  but  it  is  fonna  that,  when  the  aquarium  has  been  established  for  a  considerable  time, 
these  compounds  may  be  deteded. 
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V.  Form,  General  tendency  of  the  eye  to  show  ultimate  particles  circular. 
E£Fed  of  square  and  triangular  apertures.  Effe6t  of  astigmatism  upon  form, 
parttcalarly  of  lines  and  dots,  as  seen  in  different  directions.  ££Feds  of  dif- 
fradion  upon  points  of  light,  &c.  General  considerations  of  the  effedts  of 
unnoticed  differences  of  vision,  producing  discrepancies  often  attributed  to 
other  causes. 

Electricity. — ^The**  Journal  des  Debats**  notices  a  very  ingenious  application 
ofeledricity  to  voting  in  the  National  Assembly.  **  Before  every  Deputy  two  ivory 
buttons  are  placed,  like  the  buttons  of  eledtric  bells.  If  the  Deputy  wishes  to 
vote  *  Yes,'  he  prestes  the  button  on  his  right ;  if  he  wishes  to  vote  *  No,'  he 
presses  the  button  on  his  left.  The  voter  establishes  by  this  means  an  eledric 
communication,  which  is  transmitted  to  an  apparatus  close  to  the  President 
and  his  secretaries.  Every  time  the  eledtric  current  adts  thus  it  opens  the 
door  to  a  ball,  and  the  ball  falls  through  a  tube  into  the  ballot  box.  The  balls 
are  made  of  glass  or  ivory,  and  are  stridtly  identical  in  weight.  The  two 
ballot-boxes  are  then  weighed,  and  the  number  of  balls  is  indicated  by  the 
weight.  Finally,  by  turning  a  handle,  all  the  balls  which  have  not  been  used 
are  let  out,  and  they  give  the  number  of  members  who  have  abstained,  or  were 
absent  when  the  vote  was  taken.  Nothing  can  be  more  simple.  The  inventor 
(M.  Jacquin)  has  offered  to  set  up  his  apparatus  in  the  Versailles  Assembly  for 
the  sum  of  60,000  frs.  Time  is  money."  The  **  Debats "  mentions  also 
another  plan  invented  by  M.  Martin,  a  well-known  eledrician.  M.  Martin's 
plan  does  away  with  the  scales,  which  might  not  always  be  true.  Accordingly, 
as  the  vote  is  black,  a  piece  of  coloured  pasteboard  appears  instantaneously 
above  a  line  bearing  the  name  of  the  Deputy.  Before  each  Deputy  is  a  small 
box,  supplied  with  two  buttons.  When  he  presses  on  one  or  the  other,  he 
discloses  the  piece  of  white  or  black  card  on  the  board.  The  sum  total  of  the 
votes  for  either  side  is  marked  on  a  totalising  board.  The  advantage  of  this 
system  over  that  presented  by  M.  Jacquin  is,  that  it  enables  the  President  to 
see  whether  a  Deputy  has  not  voted  because  he  abstained  or  because  he  was 
absent.  A  member  can,  by  placing  his  hand  on  both  buttons,  vote  at  once 
«*  Yes"  and  **  No,"  and  be  thus  numbered  among  the  abstainers. 

Tbchnolooy. — A  recent  number  of  the  "  Bulletin  of  the  Industrial  Society 
of  Mulhouse  "  brings  a  very  interesting  report  on  "  The  New  Dyes  of  Croissant 
and  Bretonniire,"  from  which  we  gather  that  a  special  committee  has  been 
investigating  them  in  order  to  ascertain  their  value  for  the  various  purposes  of 
dyeing  and  printing.  At  first  the  great  durability  of  these  colours  engaged  the 
attention  0/  the  members  of  the  committee.  Ink  spots  could,  for  instance, 
readily  be  removed  by  means  of  oxalic  acid  without  the  dyes  themselves  being 
changed  in  the  least.  The  sunlight,  as  far  as  observations  go,  seems  not  to 
exert  any  influence  on  these  colours ;  boiling  soap-solution  and  oxalic  acid  are 
without  effed,  only  chlorine  or  hypochlorites  affedt  or  rather  destroy  them. 

In  a  paper  on  **  Certain  Properties  of  Weighted  Black  Silks  "  M.  J.  Persox 
shows  that  weighting — which  began  with  the  modest  aim  of  making  up  the  loss 
sustained  in  ungumming — is  now  carried  to  the  extent  of  100, 200,  and  300  per 
cent.  This  increase  of  weight  is  produced  by  treatment  with  salts  of  iron  and 
astringents,  salts  of  tin  and  cyanides.  The  bulk  is  augmented  proportionably 
to  the  weight.  As  a  matter  of  course,  the  chemical  and  physical  properties  of 
the  silk  thus  treated  are  materially  modif.ed.  What  is  sold  as  silk  is,  in  fad, 
a  mere  agglomeration  of  heterogeneous  matters,  devoid  of  cohesion,  held 
temporarily  together  by  a  small  portion  of  silk.  The  elasticity  and  tenacity  of 
the  fibre  are  sensibly  reduced.  From  being  in  its  natural  state  one  of  the  most 
permanent  of  organic  bodies,  and  sparingly  combustible,  it  burns  like  tinder  if 
touched  with  flame.  It  is.  moreover,  liable  to  undergo  spontaneous  decompo- 
sition, and  to  absorb  gases  with  the  evolution  of  heat,  which  sometimes  leads 
to  adual  combustion.  The  adulterated  silk  when  burning  scarcely  gives  off  the 
charaderistic  odour  of  animal  matter.  It  leaves  an  ash  of  oxide  of  iron 
exceeding  8  per  cent.       

Errata.— Page  145,  line  18  from  top, /or  "  Iceland,"  nod  "  Ireland."  Page 
148,  line  4  from  top, /or  *'  marked,"  read  **  masked."  Page  155,  line  ao  firom 
top,/or  "  founded  on  a  sound  data,"  read  **  founded  on  sound  data." 
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I.   VARIATION    IN    THE    OBLIQUITY    OF    THE 

ECLIPTIC. 

By  Colonel  A.  W.  Drayson,  R.A.,  F.R.A.S. 

HE  problem  of  a  variation,  or  possible  variation,  in  the 
obliquity  of  the  ecliptic,  is  one  of  the  greatest  interest 
and  importance.  As  regards  astronomy,  it  is  a  ques- 
tion which,  although  it  may  not  materially  affedl  observations 
made  during  short  intervals,  yet  will  produce  most  impor- 
tant changes  after  lengthened  periods ;  and  as  regards  our 
knowledge  of  astronomy,  it  is  ten  times  as  important  to 
know  whether  the  obliquity  of  the  ecliptic  can  and  has 
varied  considerably,  as  it  is  to  decide  whether  the  sun 
is  90  or  95  million  miles  from  the  earth.  When  we 
examine  this  problem  from  a  geological  point  of  view,  it  is 
of  even  greater  importance,  for  it  would  be  the  key  to  the 
solution  of  the  climatic  changes  which  are  known  to  have 
existed  on  earth,  and  the  records  of  which  remain  distin(5lly 
marked  down  to  the  present  day. 

This  problem  is  one  which  has  not  for  some  years  attracted 
much  attention,  in  spite  of  its  paramount  importance ;  the 
reasons  for  this  negle(5l  or  indifiference  are  probably  the 
following : 

First,  it  has  been  generally  supposed  that  the  question  of 
a  variation  in  the  obliquity  was  fairly  and  completely 
examined  many  years  ago ;  that  it  was  then  proved  as 
clearly  as  that  the  three  angles  of  a  plain  triangle  =  i8o% 
that  the  obliquity  could  vary  only  i*  21' ;  whatever,  therefore, 
were  the  demands  of  geology  for  such  an  explanation  as 
could  be  afforded  by  admitting  a  considerable  variation  in 
the  obliquity,  still  it  was  supposed  that  the  question  had 
been  long  since  disposed  of,  and  nothing  more  remained  to 
be  done  than  to  admit  the  impossibility  of  any  variation 
greater  than  1*21'. 

The  other  reason  why  this  problem  has  not  been  re-exam- 
ined appears  to  be  that  there  is  a  belief  that  it  is  one  which  can 
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be  judged  of  only  by  the  most  able  mathematicians,  and  can 
be  decided  only  by  aid  of  the  most  complicated  mathematical 
investigations ;  consequently  that  it  was  not  competent  for  a 
mere  philosopher  or  enquirer  to  offer  any  opinion  on  the 
subjedl. 

With  regard  to  the  first  of  these  two  reasons,  we  trust 
we  shall  adduce  sufficient  evidence  to  show  that  the  real 
question  of  a  variation  in  the  obliquity  was  not  only  not 
settled  many  years  ago,  but  was  not  examined,  except  most 
partially  and  most  superficially.  With  regard  to  the  second 
reason,  we  believe  it  can  be  proved  that  the  problem  is  one 
which  must  be  solved  long  before  it  assumes  the  form  of  a 
mathematical  problem ;  and,  therefore,  mathematics  have 
little  to  do  with  the  main  point  at  issue. 

Under  these  conditions,  we  purpose  in  this  paper  investi- 
gating the  question  of  a  possible  variation  in  the  obliquity, 
and  calling  attention  to  various  fadts  which  seem  to  have 
been  overlooked,  neglected,  or  undervalued,  when  the  problem 
was  examined  many  years  ago. 

In  the  first  place,  we  will  bring  into  notice  the  evidence 
in  favour  of  a  considerable  variation  having  formerly 
occurred  in  the  obliquity,  and  the  general  evidence  in  favour 
of  a  change  being  possible ;  secondly,  the  evidence  or  argu- 
ments that  have  been  considered  sufiicient  to  prove  that.no 
greater  change  could  occur  than  i**  21'. 

The  first  evidence  in  favour  of  a  considerable  variation  in 
the  obliquity  is  the  evidence  of  geology.  Whatever  effedls 
may  be  supposed  to  have  been  produced  as  regards  changes 
in  climate  by  the  alternate  elevation  and  depression  of  land, 
yet  the  fatfls  of  the  glacial  epoch  demand  some  more 
powerful  cause  than  can  be  attributed  to  this  particular 
one ;  that  the  glacial  epoch  was  universal  in  both  the 
northern  and  southern  hemisphere,  and  reached  only  to 
latitudes  higher  than  50^  except  in  mountainous  ranges, 
are  two  most  important  fa(5ls,  and  conclusively  demonstrate, 
we  believe,  that  the  elevation  or  re-distribution  of  land  will 
not  account  for  such  universal  results. 

Let  us  for  a  moment  compare  the  two  explanations  now 
before  us,  and  note  which  appears  the  more  satisfa(5lorily  to 
account  for  the  conditions  known  to  have  prevailed  during 
the  past. 

First,  we  have  the  alternations  of  land  and  sea,  as  an 
explanation  of  why  an  ar(5lic  climate  prevailed  down  to 
about  50*"  latitude  in  both  hemispheres,  and  produced  also 
glaciers  on  the  mountains  in  localities  within  the  present 
tropics.    We  have  this  supposed  cause  to   explain  these 
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known  effedls,  and  we  cannot  but  consider  the  explanation 
feeble  and  inefficient. 

Secondly,  we  have  the  explanation  afforded  by  the  varia- 
tion of  the  obliquity  to  an  extent  pf  12°,  thus  causing  the 
ardlic  circle  to  reach  to  54"^  latitude,  and  to  actually  bring 
this  ardtic  circle  down  from  its  present  boundary  to  that 
very  parallel  of  latitude  which  the  evidence  of  geology  tends 
to  prove  was  the  boundary  of  glaciers  in  former  times. 

Of  the  two  explanations  as  supposed  causes,  there  is  no 
doubt  that  the  variation  in  the  obliquity  alone  affords  any 
satisfactory  reason  for  the  observed  effefts,  and  the  re- 
arrangement of  land  and  water  can  only  produce  minor 
changes,  which  do  not  touch  the  vast  problem  requiring 
solution. 

The  question  as  to  a  supposed  variation  to  a  great  extent 
of  the  eccentricity  of  the  earth's  orbit,  is  one  which  has 
been  most  ably  dealt  with  by  Mr.  Belt  in  the  Oftober 
Number  of  this  Journal.  The  investigation  given  by  Mr. 
Belt  to  the  fadts  of  the  glacial  epoch  seem  to  show  that  the 
glaciation  of  the  two  hemispheres  was  contemporaneous, 
and  that  there  are  other  effects  which  are  not  such  as  would 
receive  an  explanation,  even  granting  that  there  had  occurred 
formerly  a  much  greater  eccentricity  in  the  earth's  orbit  than 
that  which  now  occurs. 

As  an  explanation  of  the  known  climatic  changes  which 
have  occurred,  we  can  best  test  the  value  of  the  theory  of  a 
considerable  variation  in  the  obliquity  by  endeavouring  to 
explain  the  observed  fafts,  even  of  the  Boulder  period,  by  this 
theory,  and  then  by  aid  of  either  an  increased  eccentricity 
in  the  orbit  or  an  alteration  in  the  arrangement  of  land  and 
sea.  We  believe  that  it  will  be  admitted  that  the  variation 
in  the  obliquity  will  alone  account  for  the  fadls  in  a  satis- 
factory manner,  and  that  other  climatic  changes,  shown  by 
geology  to  have.occurred,  will  alone  be  explained  by  granting 
a  considerable  variation  in  the  obliquity.  Thus  the  evidence 
of  geology  is  so  strongly  in  favour  of  a  variation,  both 
greater  and  less  than  at  present  in  the  obliquity,  that  we 
believe  it  may  be  claimed  that  no  other  theory  has  yet  been 
advanced  which  will  account  for  what  is  known. 

If,  as  we  believe  will  be  the  case,  the  future  and  present 
researches  of  geologists  tend  to  prove  that  the  northern  and 
southern  hemispheres  were  at  the  same  time  subje(5ted  to  an 
arCtic  climate,  it  may  be  fairly  claimed  that  no  other  theory 
will  so  completely  and  satisfactorily  explain  the  phenomena 
as  a  great  variation  in  the  obliquity. 

We  believe  also  it  will  be  granted  that,  if  it  had  been  long 
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ago  admitted  that  the  obliquity  of  the  ecliptic  had  been 
35"  instead  of  23 J^  geologists  would  at  once  have  accepted 
this  as  a  full  and  complete  explanation  of  the  great 
climatic  change  shown  to  have  occurred  on  earth,  and  they 
would  never  have  searched  for  those  feeble  or  incomplete 
causes  which  are  so  inefficient  when  we  endeavour  to  explain 
fadts  by  their  aid. 

Thus  it  may  be  fairly  claimed  that  geolog)',  the  science 
above  all  others  of  fadts,  is  most  completely  in  favour  of  a 
great  variation  in  the  obliquity,  and  almost  demands  it  as  a 
cause  to  explain  the  known  efTedls. 

We  will  next  take  the  analogy  of  the  planetary  system, 
and  we  there  find  that  there  is  no  apparently  arbitrary  law  as 
regards  the  inclination  of  the  axis  of  a  planet  to  the  plane  of 
its  orbit.  We  find  that  the  axis  of  Uranus  lies  almost  in  the 
plane  of  its  orbit,  so  that  the  ardlic  circle  extends  from  the 
poles  almost  to  the  Equator.  In  Venus,  nearly  the  same 
condition  exists,  the  ardtic  circle  extending  to  within  about 
15*  of  the  Equator.  In  Jupiter,  however,  the  axis  of  diurnal 
rotation  is  nearly  at  right  angles  to  the  plane  of  the  planet's 
orbit.  The  inclination  of  the  axis  of  diurnal  rotation  of 
Saturn  and  Mars  does  not  differ  much  from  66^^ — the 
earth's  condition. 

Analogy  in  Nature  is  an  argument  that  must  be  used  with 
great  caution.  It  does  not  at  all  follow  that  because  some 
planet  has  an  axis  of  diurnal  rotation,  so  inclined  to  the 
plane  of  its  orbit  that  the  ardlic  circle  reaches  nearly  to  the 
Equator,  therefore  our  own  planet  was  once  in  the  same 
condition.  Whilst,  however,  we  use  this  caution,  we  must 
not  forget  that,  if  the  analogy  of  the  solar  system  had  been 
allowed  to  weigh  in  the  arguments  long  ago  fought  out, 
relative  to  the  form  and  movement  of  the  earth,  its  spherical 
or  spheroidal  form,  and  its  rotation  on  its  axis,  might  have 
been  received  without  much  opposition,  when  it  became  known 
that  other  planets  were  spheroidal  in  form,  and  that  they  as 
well  as  the  sun  rotated  round  an  axis.  The  link  wanting  to 
bring  that  which  seems  probable  into  the  region  of  proof,  is 
to  show  that  there  is  now  a<5tually  going  on  some  movement 
or  some  change  in  the  earth's  axis  which  will,  may,  or 
might  formerly,  have  caused  the  angle  of  inclination  of  this 
axis  to  the  plane  of  the  earth|s  orbit  to  be  a  very  different 
angle  to  that  which  it  now  is.  This  link,  therefore,  is  the 
problem  on  which  rests  nearly  the  whole  question  connedled 
with  the  probable  or  possible  variation  in  the  obliquity. 

It  is  a  fadl  known  to  observers  that,  during  the  past 
2000  years  at  least,  there  has  been  a  change  in  diredlion  of 
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the  earth's  axis  of  rotation,  that  the  rate  of  this  change  is 
about  I**  in  179  years ;  that  it  is  now  going  on ;  and  that, 
from  the  records  of  the  past,  this  same  movement  and  rate 
appear  to  have  been  nearly,  if  not  quite,  uniform. 

It  is  also  known  from  recorded  observation  that,  whilst 
there  has  been  this  change  in  diredlion  of  the  earth's  axis, 
there  is  no  evidence  of  any  change  of  the  position  of  the  axis 
when  referred  to  the  earth  itself.  The  poles  of  the  earth 
appear  from  recorded  latitudes  to  be  situated  now  where 
they  were  situated  2000  years  ago. 

It  is  also  known  that  the  change  in  the  diredtion  of  the 
earth's  axis  takes  place  in  such  a  manner  that  it  has 
produced,  during  the  past  2000  years,  little  more  than  half  a 
degree  change  in  the  obliquity  of  the  ecliptic. 

These  recorded  fadts  being  before  us,  we  may  now  advance 
to  the  next  point  in  our  enquiry,  which  is  to  investigate  how 
this  problem  has  hitherto  been  examined,  and  in  what 
manner  it  is  still  assumed  to  be  disposed  of. 

As  soon  as  the  revival  by  Copernicus  and  Galileo  of  the 
ancient  theory  of  the  earth's  rotation  on  its  axis  became 
generally  received,  it  was  found  necessary  to  attribute  to  the 
earth's  axis  a  movement  which  should  account  for  the 
decrease  of  20"  per  annum  in  the  polar  distance  of  stars, 
whose  right  ascension  was  near  24  hours.  At  that  early 
date,  and  up  to  about  100  years  ago,  the  fa6l  of  any  decrease 
in  the  obliquity  of  the  ecliptic  was  positively  denied  by  the 
then  ruling  astronomers.  Readers  of  the  "  Philosophical 
Society's  Journal,"  from  1700  to  1750,  will  find  that  those 
persons  who  believed  in  any  decrease  in  the  obliquity  were 
in  the  minority,  and  were  treated  with  but  slight  respeft  by 
the  paid  official  astronomers  of  the  day.  It  being  supposed 
that  no  decrease  occurred  in  the  obliquity  whilst  a  move- 
ment of  the  pole  of  the  heavens  occurred  of  20'  annually,  it 
followed  that  the  only  possible  course  of  the  pole  of  the 
heavens  to  fulfil  these  assumed  conditions  was  a  circular 
course  round  the  pole  of  the  ecliptic  as  a  centre. 

The  obliquity  of  the  ecliptic  being  about  23°  28',  it 
followed  that  the  pole  of  the  heavens  traced  on  the 
sphere  a  circle  having  a  radius  of  23*"  28'  at  the  rate  of 
20"  annually.  At  the  period  when  this  supposed  move- 
ment was  agreed  to,  theory  was  in  the  ascendant ;  the 
explanation  by  gravitation  of  certain  celestial  movements 
caused  every  man  who  hoped  to  occupy  a  prominent  position 
in  the  scientific  world  to  be  a  theorist,  and  to  follow  and 
adhere  to  theories  often  t.o  the  exclusion  of  fadts.  The 
theory  proposed  by  Newton  to  account  for  the  gyration  of 
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the  poles  of  the  earth  was  that  the  protuberance  of  the 
earth  about  equatorial  regions  was  a£ted  on  by  the  sun  and 
moon,  and  caused  the  direftion  of  the  earth's  axis  to  vary, 
though  the  pole  of  the  earth  traced  always,  it  was  supposed, 
a  circle  round  the  pole  of  the  ecliptic  as  a  centre. 

When  the  accuracy  of  modern  observation  proved  that 
there  was  a  constant  decrease  in  the  obliquity  of  the  ecliptic, 
at  the  rate  of  about  0*45"  per  century,  there  seems  to  have 
been  a  great  lack  of  geometrical  knowledge  among  the 
astronomers  occupying  official  positions,  for  they  still  wrote 
of  and  described  the  movement  of  the  pole  of  the  heavens, 
as  tracing  a  circle  round  the  pole  of  the  ecliptic  as  a  centre, 
and  never  varying  its  distance  from  this  pole,  yet  admitting 
that  there  was  a  decrease  in  the  obliquity  of  0*45  per 
annum.  Now  the  faft  is,  that  any  variation  in  the  obliquity 
is  the  same  thing  as  a  variation  in  the  angular  distance  of 
the  pole  of  the  heavens  from  the  pole  of  the  ecliptic,  and  of 
the  circumference  of  the  circle  from  its  supposed  centre, 
consequently  that  the  pole  of  the  heavens  can  describe 
a  circle  round  the  pole  of  the  ecliptic  as  a  centre ;  whilst  we 
admit  a  decrease  in  the  obliquity  is  granting  as  true  that 
which  is  impossible.  That  a  grave  oversight  was  here 
committed  it  is  useless  to  deny;  and  though  many  official 
astronomers  have,  since  we  pointed  out*  this  error,  attempted 
to  defend  their  predecessors,  or  their  own  writings  on  this 
erroneous  problem,  yet  their  endeavours  partake  more  of 
the  attempts  of  advocates  to  defend  a  bad  cause  than  of 
philosophers  desirous  of  eliciting  truth.  Personal  attacks 
on  an  author  who  has  pointed  out  their  errors,  and  assertions 
that  his  problems  are  by  no  means  believed  in  by  A,  B,  or  C, 
are  not  proofs  of  error,  nor  can  any  amount  of  "  authority  " 
outweigh  a  geometrical  proof  or  law. 

When  a  certain  school  of  teaching  have  agreed  to  some 
problem  or  theory,  have  written  on  this  as  if  it  were  un- 
questionable, and  have  based  their  calculations  on  it,  it 
naturally  follows  that  they  should  at  first  oppose  any  inno- 
vation on  their  belief.  It  does  not  follow,  however,  that  any 
number  of  such  men,  if  they  merely  make  assertions,  should 
carry  one  atom  of  weight  in  disproving  that  which  can  be 
demonstrated  by  mathematics  or  geometry.  What  weight, 
for  example,  does  Herodotus  carry  when  he  asserts  that  he 
cannot  refrain  from  laughing  when  he  hears  men  state  that 
the  earth  is  round,  as  though  made  in  a  machine,  and  that 
Asia  is  as  large  as  Europe.     He  then  asserts  the  relative 

*  In  the  '*  Last  Glacial  Epoch,"  and  '<  The  Proper  Motion  of  Fixed  Stars." 
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size  of  the  two  continents,  and  immediately — like  many 
modem  asserters — talks  nonsense. 

It  is  a  law  that  a  decrease  in  the  obliquity  of  the  ecliptic 
is  the  same  thing  as  a  decrease  in  the  angular  distance  of 
the  pole  of  the  heavens  from  the  pole  of  the  ecliptic,  and  is 
the  same  thing  as  a  decrease  in  the  supposed  radius  of  the 
circle  described  by  the  pole.  Hence — in  spite  of  assertions, 
of  authority,  and  the  many  writers  who  have  stated  it  to  be 
so — it  follows  that  the  pole  of  the  heavens  does  not,  and  has 
not  at  any  time  within  historical  periods,  traced  any  part  of 
a  circle  round  the  pole  of  the  ecliptic  as  a  centre. 

We  now  come  to  the  most  modem  explanation  of  the 
fadts  known  in  connedlion  with  the  change  in  diredtion  of 
the  earth's  axis,  and  the  decrease  in  the  obliquity.  It  has 
recently  been  stated  that  the  plane  (and  hence  the  pole)  of 
the  ecliptic  is  slowly  changing  its  position  in  the  heavens, 
and  thus  bringing  the  pole  of  the  heavens  nearer  to  the  pole 
of  the  ecliptic  ;  that  the  pole  of  the  heavens  always  moves 
at  right  angles  to  the  arc  by  which  it  would  be  joined  to  the 
pole  of  the  ecliptic ;  and  that  the  two  fafts,  viz.,  the  move- 
ment of  the  pole  of  the  heavens  and  the  decrease  in  the 
obliquity,  are  thus  accounted  for. 

This  is  a  question  either  of  facSl  or  theory.  If  it  be  a 
fadl,  it  follows  that  the  angular  distance  of  all  stars  from 
the  pole  of  the  ecliptic — that  is,  their  co-latitudes — will  be 
found  to  have  decreased  in  one  part  of  the  heavens,  viz.,  in 
that  part  towards  which  the  pole  of  the  ecliptic  is  supposed 
to  be  moving,  and  the  co-latitude  of  stars  in  the  opposite 
part  of  the  heavens  will  be  found  to  have  increased.  In 
order  that  there  should  be  a  decrease  in  the  angular  distance 
of  the  pole  of  the  ecliptic  from  the  pole  of  the  heavens,  it 
follows  that  the  movement  of  the  pole  of  the  ecliptic  should 
be  approximately  towards  that  part  of  the  heavens  in  which 
Sirius  is  situated,  and  away  from  that  part  in  which  a  Lyras 
is  located.  To  prove  this  movement,  all  stars  in  one  direc- 
tion must  have  decreased  their  co-latitudes ;  all  stars  in  the 
other  direction  have  increased  their  co-latitudes.  After  up- 
wards of  seven  years'  investigation,  and  after  searching 
every  catalogue  of  stars  from  that  of  Ptolemy  to  the  latest, 
we  fail  to  find  any  evidence  of  the  assertion  that  such  a 
movement  of  the  pole  of  the  ecliptic  has  occurred ;  for  there 
is  not  any  defined  change  in  the  latitude  of  stars  to  prove 
that  the  pole  of  the  ecliptic  has  moved  towards  that  part  of 
the  heavens  near  the  meridian  of  6  hours'  right  ascension. 

We  have,  however,  to  deal  with  two  well-defined  facSls, 
viz.,  a  change  in  direction  of  the  earth's  axis  of  about 
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20"  annually,  and  a  closing  in — as  we  may  term  it — of  the 
pole  of  the  heavens  to  the  pole  of  the  ecliptic  of  about 
0*45"  per  annum,  at  the  present  time :  that  is  to  say,  the 
pole  of  the  heavens  traces  on  the  sphere  of  the  heavens  an 
arc,  which,  when  referred  to  the  fixed  stars,  indicates  a  rate 
of  about  20"  annually,  and  towards  that  part  of  the  heavens 
indicated  by  the  first  point  of  Aries.  This  arc  approaches  the 
pole  of  the  ecliptic,  and  may  be  fairly  represented  by  the 
arc  P  p'  p"  p"',  whilst  e  is  the  pole  of  the  ecliptic. 


Fio.  I. 


•  c 


The  angular  distances,  e  p,  e  p',  b  p",  e  p'",  will  be  the 
angular  distances  of  the  pole  of  the  heavens  from  the  pole 
of  the  ecliptic,  at  those  dates  at  which  the  pole  of  the 
heavens  was  located  at  P,  p',  p",  &c., — and  these  distances 
represent  the  value  of  the  obliquity  at  those  dates.  The 
records  of  these  measures  of  the  obliquity  exist,  and  records 
of  the  rate  of  the  movement  of  the  pole  exist ;  consequently 
the  curve  p,  p',  p",  p'"  can  be  defined,  as  regards  e,  the  pole 
of  the  ecliptic  ;  and  this  curve  is  part  of  a  circle,  or  part  of 
an  ellipse  which  does  not  differ  much  from  a  circle,  the 
centre  of  which  circle  is  6**  from  the  pole  of  the  ecliptic,  and 
so  situated  that  at  the  date  a.d.  2298  the  pole  of  the 
heavens,  the  pole  of  the  ecliptic,  and  the  centre  c,  will  be 
in  the  same  great  circle  of  the  sphere.  The  curve  thus 
traced  out  corresponds  exadlly  with  the  recorded  observa- 
tions of  the  past  as  regards  the  decrease  in  the  obliquity. 
It  explains  why  the  annual  decrease  in  the  obliquity  is  now 
less  than  it  was  found  to  be  one  or  two  hundred  years  ago, 
for  it  will  be  evident  that  the  nearer  we  approach  the  date 
A.D.  2298  the  less  will  be  the  rate  in  the  annual  decrease  in 
the  obliquity,  whilst  the  further  we  go  back  the  greater  will 
be  the  annual  rate;  and  this  variation  in  the  rate  is  in 
stridl  accordance  with  recorded  observations. 

We  have,  again,  another  faft  to  deal  with,  carrying  back 
into  the  past  the  curve  (either  as  a  circle  or  an  ellipse  very 
closely  corresponding  to  a  circle)  thus  defined  we  should 
obtain  a  variation  of  at  least  12''  in  the  extension  of  the 
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obliquity  at  the  date  when  the  pole  of  the  heavens  was 
situated  180**  in  the  circle  from  the  date  a.d.  2298.  Such 
an  extension  of  the  obliquity  would  bring  England  within 
the  arftic  circle,  and  would  supply  those  climatic  conditions 
which  geologists  consider  prevailed  during  the  Glacial  Epoch. 
Thus  we  have,  first,  the  adlual  recorded  observational  fafts 
proving  a  certain  curve  to  have  been  traced  during  the  past 
four  or  five  centuries  :  secondly,  geological  evidence,  indi- 
cating such  a  climatic  change  as  would  result  from  an 
extension  of  12**  or  more  in  the  obliquity. 

These  two  evidences  are  certainly  strongly  in  favour  of  a 
possible  increase  in  the  obliquity,  and,  unless  very  powerful 
and  convincing  evidence  can  be  brought  in  opposition 
thereto,  must  certainly  tend  to  prove  the  fadl. 

Let  us,  however,  examine  another  problem.  Let  us 
grant  that  the  plane  of  the  ecliptic  does  slowly  vary  (of 
which  variation,  however,  there  is  no  proof  from  the 
recorded  changes  in  star  latitudes),  the  course  of  the  earth 
round  the  sun  would  slightly  vary ;  but  it  is  possible  that 
the  earth's  axis  would  partake  of  this  movement,  and  the 
pole  of  the  heavens  and  pole  of  the  ecliptic  would  then  vary 
their  relative  distances  just  the  same  as  if  the  plane  of  the 
ecliptic  were  at  rest ;  and  as  it  is  a  fa£l  that  the  course  of 
the  pole  of  the  heavens  relative  to  the  pole  of  the  ecliptic 
is  such  a  curve  as  that  we  have  described  it  to  be,  we  have 
adlual  fa(5ls  on  one  side  and  theoretical  conclusions  on  the 
other. 

Taking  an  abstract  view  of  the  problem  as  far  as  it  is 
here  stated,  we  have  the  following  as  the  two  sides  of  the 
question  relative  to  a  possible  variation  of  the  obliquity :— * 
On  the  one  side  we  have  a  series  of  distances  measured 
between  the  pole  of  the  heavens  and  the  pole  of  the 
ecliptic  (termed  the  obliquity  at  various  dates),  and  also  the 
rate  at  which  the  pole  of  the  heavens  has  decreased  its 
distance  from  certain  stars ;  consequently  the  nature  of  the 
curve  thus  traced  by  the  pole  of  the  heavens  can  be  ascer- 
tained without  any  great  difficulty.  This  curve  is  not  one 
imagined  by  a  theorist,  or  supposed  to  be  traced  in  conse- 
quence of  certain  assumptions  conne(5led  with  attraction 
and  repulsion,  but  the  curve  is  one  that  recorded  fadls  prove 
to  have  occurred  during  at  least  400  years,  and  this  curve — 
if  continued  during  13,000  years — will  produce  a  change  in 
the  obliquity  or  angular  distance  of  the  two  poles,  viz.,  that 
of  the  heavens  and  of  the  ecliptic  of  35^^  and  would  conse- 
quently bring  portions  of  Great  Britain  within  the  arftic 
circle. 

VOL.  V.  (n.s.)  2  o 
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That  the  changes  in  the  latitude  of  stars  in  one  part  of 
the  heavens,  and  an  opposite  change  in  another  part  of  the 
heavens,  indicate  that  the  pole  of  the  ecliptic  has  moved 
during  past  times  in  any  particular  direction  is  not  true. 
This  assertion  we  can  bring  to  the  test  of  recorded  fadts. 
The  star  catalogues  of  Ptolemy,  Tycho  Brahe,  Hevelius, 
Halley,  and  others,  can  be  compared  with  modem  cata- 
logues, and  it  will  be  found,  by  any  fair  and  impartial  inves- 
tigator, that  those  persons  who  have  so  boldly  asserted  that 
the  proof  did  exist  are  more  remarkable  for  their  zeal  in 
endeavouring  to  support  a  popular  theory  than  they  are  for 
that  unprejudiced  love  of  truth  and  fadt  which  should  alone 
be  the  desire  of  the  man  of  Science. 

The  statement  that  the  pole  of  the  heavens  always  traces 
an  arc  at  right  angles  to  the  arc  joining  the  pole  of  the 
heavens  with  the  pole  of  the  ecliptic  is  a  theory.  To  decide 
whether  the  pole  of  the  heavens  traces  an  arc  at  right 
angles  to  the  arc  joining  the  pole  of  the  heavens  with  the 
pole  of  the  ecliptic,  or  at  right  angles  to  the  arc  joining  the 
pole  of  the  heavens  with  the  point  C  6**  from  the  pole  of 
the  ecliptic,  is  a  problem  almost  impossible  to  decide  by  the 
adtual  changes  in  North  Polar  distance  of  stars  near  24  and 
12  hours  right  ascension.  The  means,  however,  by  which  it 
could  be  discovered  which  course  is  pursued  we  have  pointed 
out  in  detail  in  our  work  "  The  Motion  of  the  Fixed  Stars," 
pages  112  to  170. 

The  important  fadt,  however,  remains, — viz.,  that  if  the 
pole  of  the  heavens  trace  an  arc  at  right  angles  to  that  by 
which  it  may  be  joined  to  the  pole  of  the  ecliptic,  then,  to 
account  for  a  decrease  in  the  obliquity,  it  must  be  proved 
that  the  pole  of  the  ecliptic  does  move  annually  towards  the 
pole  of  the  heavens  45"  per  century  now,  and  at  a  more 
rapid  rate  formerly,  as  is  shown  by  recorded  observations. 
Yet  no  such  evidence  can  be  adduced. 

Again,  suppose  it  could  be  shown  that  the  pole  of  the 
ecliptic  has  moved  towards  that  part  of  the  heavens  in  which 
are  stars  having  from  5  to  7  hours'  right  ascension,  we  still 
have  the  stubborn  fadt  before  us,  that  the  adtual  curve 
traced  by  the  earth's  axis  is  part  of  a  circle  having  for  its 
centre  a  point  6**  from  the  pole  of  the  ecliptic,  and  that  if 
the  pole  of  the  ecliptic  move  towards  that  part  of  the 
heavens  occupied  for  the  time  being  by  the  pole  of  the 
heavens,  still  v:e  have  to  account  for  the  curve  being  such 
as  it  is ;  for  to  assert  that  it  is  a  *'  strange  coincidence  "  that 
during  historical  records  this  curve  should  coincide  with 
such  a  circle  is   little  better  than  a  mere  subterfuge  to 
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avoid  admitting  a  fadl  which  is  not  popular  with  a  certain 
party. 

Some  writers  who  have  opposed  the  idea  of  any  change 
in  the  obliquity  greater  than  i**  12'  have  asserted  that  it  is 
easy  to  find  a  curve  that  will  correspond  with  the  recorded 
obliquity  during  three  or  four  hundred  years.  Such  a  state- 
ment plainly  shows  that  the  writers  have  never  attempted 
to  test  their  assertion ;  for  not  only  will  no  other  curve 
agree  with  the  arc  thus  defined,  but  if  we  assume  a  centre 
of  even  5**  50',  instead  of  6°,  from  the  pole  oi  the  ecliptic, 
the  curve  then  traced  out  will  in  twenty  or  thirty  years 
differ  several  seconds  from  recorded  observations,  instead  of 
agreeing  with  them  to  within  one-tenth  of  a  second  for  two 
hundred  years.  It  is  unfortunate  that  writers  should  make 
such  incorredt  statements,  and  also  that  persons,  in  their 
endeavour  to  oppose  an  original  investigation,  should  publish 
assertions  relative  to  this  subjedt  which — had  they  really 
read  the  books*  which  treat  of  it — they  never  could  with 
truth  have  ventured  to  write. 

As  an  example  of  the  very  small  amount  of  enquiry  or 
thought  which  has  been  devoted  to  this  problem,  we  will 
call  attention  to  the  supposed  unanswerable  objed^ion  which 
certain  writers  have  brought  against  the  proof  of  the  course 
traced  by  the  earth's  axis  being  a  circle  round  the  point 
6**  from  the  pole  of  the  ecliptic.  These  objedtors  assert  that 
such  a  course  is  "  impossible,"  and  is  against  the  laws  of 
gravitation,  and  is  opposed  to  all  the  analogy  of  the  solar 
system.  They  add  that  the  orbits  of  all  planets  are  ellipses, 
and  that  therefore  no  such  thing  as  a  circular  course  can  be 
possible  for  the  pole  of  the  heavens.  The  repetition,  by 
copying  of  this  statement,  shows  how  powerful  it  is  sup- 
posed to  be. 

In  the  first  place,  these  objeftors  forget  that  the  present 
orthodox  belief,  which  they  are  endeavouring  to  defend,  is 
that  the  pole  of  the  heavens  traces  a  circle  round  the  pole 
of  the  ecliptic  as  a  centre.  When  they  assert  that  because 
the  orbit  of  a  planet  is  an  ellipse,  therefore  the  pole  of  the 
heavens  cannot  trace  a  circle,  as  such  a  course  is  opposed  to 
certain  laws,  they  forget  that  every  zenith  traces  an  exact 
circle  round  the  pole  of  the  heavens  every  twenty-four 
hours, — also  that  the  conical  movement  of  a  planet's  axis 
is  geometrically  the  same  as  a  second  rotation  of  that 
planet.  Consequently  it  would  be  opposed  to  experience  if 
the  earth's  axis  traced  anything  but  a  circle  during  one 

*  The  Last  Glacial  Epoch.    The  Motion  of  the  Fixed  Stars. 
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revolution  of  the  equinoxes,  or,  as  it  maj'  be  termed,  one 
second  rotation  of  the  earth  ;  and  the  analogy  between  the 
"  orbit  of  a  planet "  and  "  the  course  traced  by  the  pole  "  is 
as  appropriate  as  would  be  the  course  of  a  line  of  rails  and 
the  movement  of  the  piston  of  a  locomotive. 

The  problem,  however,  connected  with  the  possible  varia- 
tion to  a  great  extent  in  the  obliquity  of  the  ecliptic,  is  one 
which  is  considered  entirely  of  a  mathematical  nature,  and 
the  assertion  that  no  variation  greater  than  about  i**  12'  could 
occur  in  the  obliquity  is  the  result  of  the  investigations  of 
theorists. 

When  we  examine  the  manner  in  which  this  problem  has 
been  treated,  we  find  that  certain  important  omissions  have 
occurred,  on  which  the  real  question  at  issue  is  dependent ; 
and  instead  of  the  question  being  one  that  can  off-hand  be 
resolved  into  a  mathematical  problem,  it  is  in  reality  one 
that  can  and  must  be  decided  long  before  it  assumes  the 
form  of  a  mathematical  investigation. 

The  problem  of  a  possible  change  in  the  value  of  the 
obliquity  to  any  great  amount  has  been  confined  almost 
entirely,  hitherto,  to  an  enquiry  as  to  the  extent  to  which 
the  plane  of  the  ecliptic  could  vary  from  a  mean  position ;  and 
when  M.  La  Place  concluded  that  the  plane  of  the  ecliptic 
could  vary  only  i**  21',  it  was  assumed  that  the  obliquity  of 
the  ecliptic  could  vary  only  that  amount.  Such  a  conclu- 
sion is  incorredt.  The  obliquity  of  the  ecliptic  being  the 
complement  of  the  angle  which  the  earth's  axis  makes  with 
the  plane  of  the  ecliptic,  it  follows  that  the  direction  in 
which  the  earth's  axis  moves  is  the  problem  for  enquiry, — 
far  more  important  as  regards  the  solution  than  is  that  of 
the  variation  in  the  plane  of  the  ecliptic. 

That  the  earth's  axis  was  formerly  supposed  to  trace  a 
circle  round  the  pole  of  the  ecliptic,  as  a  centre,  is  evident 
from  the  writings  and  calculations  of  all  the  olden  astrono- 
mers, and  any  change  in  this  movement  was  supposed 
impossible.  It  is  to  this  portion  of  the  problem  that  we 
will  now  earnestly  call  attention. 

The  present  accepted  theory  of  the  producing  cause  of 
the  conical  movement  or  change  in  direction  of  the  earth's 
axis  is  as  follows : — The  earth  is  supposed  to  be  a  homo- 
geneous spheroid,  with  a  protuberance  of  about  1-300  at 
the  equatorial  diameter.  This  protuberance,*  being  adted 
on  by  the  mass  of  the  moon  and  sun,  causes  a  gyratory 
movement  of  the  axis  of  diurnal  rotation,  and  produces  a 

*  See  Alley's  Ledlures. 
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change  in  diredlion  of  the  axis,  making  it  describe  a  small 
circle  of  the  sphere  round  the  pole  of  the  ecliptic. 

Let  us  grant  that  this  theory  is  perfeftly  sound,  supposing 
the  preliminary  data  be  corredt,  and  we  have  yet  not  touched 
the  main  question  at  issue ;  but  let  us  first  examine  the 
preliminary  data. 

How  do  we  know  that  the  earth  is  homogeneous  ? 

Let  us  suppose  that  every  part  of  the  earth's  surface  in 
the  southern  hemisphere  is  at  exa(5lly  the  same  distance 
from  the  true  centre  of  the  earth, — that  the  surface  in  a 
corresponding  latitude  in  the  northern  hemisphere  is  from 
the  true  centre, — and  it  is  quite  possible  that  the  mass  of 
the  two  hemispheres  is  different,  and  hence  the  assumption 
that  the  earth  is  homogeneous  may  be  a  false  one. 

Let  us,  however,  come  to  fafts.  Let  us  examine' the 
earth  as  it  is,  and  deal  with  what  we  know.  Water  finds 
its  own  level,  and  the  surface  of  the  ocean  in  say  50**  N. 
latitude  must  be  at  the  same  distance  from  the  earth's 
centre  as  is  the  surface  of  the  ocean  in  50°  S.  latitude,  and 
so  for  every  degree  of  latitude  north  and  south.  When  we 
examine  the  globe  we  find  north  of  the  equator  the  enormous 
and  elevated  mass  of  land  comprising  Asia,  also  the  whole 
of  Europe,  also  fully  two-thirds  of  Africa,  and  the  whole  of 
North  and  part  of  South  America. 

These  vast  continents  of  land  in  the  northern  hemisphere 
have  as  a  set  off,  in  the  southern  hemisphere,  Australia,  a 
few  islands,  one-third  of  Africa,  and  part  of  South  America. 
At  a  rough  estimate  we  may  state  there  is  four  times  as 
much  land,  above  the  sea,  north,  as  there  is  south  of  the 
Equator. 

Again,  the  great  depths  of  the  ocean  in  the  Southern 
Pacific,  in  the  Southern  Atlantic,  and  Indian  Ocean,  admit 
of  vast  quantities  of  water  being  now  in  the  southern  hemi- 
sphere, whereas  in  the  northern  there  are  massive  granite 
mountains,  raised  3  and  4  miles  above  the  sea-level,  and 
having  in  place  of  water  only,  5  miles  below  the  surface, 
solid  granite. 

If,  then,  the  materials  of  the  earth  be  homogeneous,  it 
follows  that  the  preponderance  of  the  land  in  the  northern 
hemisphere  must  cause  the  centre  of  gravity  of  the  earth  to 
be  situated  considerably  north  of  the  Equator.  Every  com- 
petent mechanician  knows  that  the  second  rotation  of  a 
rotating  sphere  is,  as  regards  its  amount  and  diredlion, 
mainly  dependent  on  the  situation  of  the  centre  of  gravity. 
If  the  centre  of  gravity  coincide  with  the  centre  of  the 
sphere,  regularity  of   movement  may  be  expec^ted ;  if  the 
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centre  of  gravity  be  not  coincident  with  the  centre  of  the 
sphere,  eccentric  motion  occurs. 

In  the  conclusions  arrived  at  relative  to  the  movement  of 
the  earth's  axis  being  such  as  to  produce  only  one  uniform 
course  in  the  axis,  we  fail  to  notice  any  reference,  or  any 
consideration,  to  the  fadl  that  the  centre  of  gravity  of  the 
earth  does  not  lie  in  the  plane  of  the  Equator. 

But,  again,  let  us  examine  the  globe,  and  taking  half  the 
northern  hemisphere — ^viz.,  from  longitude  15**  W.  round  to 
about  165**  E. — we  have  the  mass  of  Europe,  Asia,  and 
Northern  Africa  on  one  side  of  the  sphere,  whilst  on  the 
opposite  side  we  have  only  the  continent  of  North  America. 
About  three  times  as  much  land  is  above  the  ocean  between 
15**  W.  longitude  and  165**  E.  longitude  as  there  is  in  the 
other  half,  and  it  therefore  follows  that  the  earth's  axis 
cannot  pass  through  the  centre  of  gravity  of  the  earth. 

We  have,  then,  at  present  a  spheroid  of  irregular  form, 
in  which  the  centre  of  gravity  does  not  lie  in  the  plane  of 
the  Equator,  nor  does  the  axis  of  rotation  pass  through  the 
centre  of  gravity. 

Let  us  now  ask  a  question.  There  are  forces  adling  by 
attradlion  externally  on  the  earth,  and  supposed  to  produce 
a  conical  movement  of  the  axis,  in  consequence  of  the  pro- 
tuberance at  the  Equator.  Will  the  movement  of  the  axis 
of  diurnal  rotation  be  exadlly  the  same,  no  matter  whether 
the  centre  of  gravity  of  the  earth  lies  in  the  plane  of  the 
Equator,  and  is  passed  through  by  the  axis  of  rotation,  or  if 
this  centre  of  gravity  is  located  elsewhere  ?  We  need  not 
remind  the  reader  that  the  movement  would  not  be 
the  same. 

Of  all  the  conditions  that  produce  a  change  in  the  second 
rotation  of  a  rotating  body — that  is,  in  the  change  in  direc- 
tion of  the  main  axis  of  rotation — none  is  greater  than  that 
of  a  displacement  of  the  centre  of  gravity,  or  the  fadl  that 
the  centre  of  gravity  of  the  rotating  body  is  not  coincident 
with  the  centre  of  the  sphere.  The  divergence  from  a  diredt 
course  or  vertical  plane  of  a  spherical  shot  is  always  great 
when  the  centre  of  gravity  of  this  shot  is  not  equidistant 
from  all  parts  of  the  surface,  and  this  divergence  is  accom- 
panied by — if  not  mainly  dependent  on— a  rotation  of  the 
shot,  in  a  manner  dependent  on  the  position  of  its  centre  of 
gravity. 

The  period  occupied  by  the  earth's  axis  in  tracing  a  circle 
round  the  pole  of  the  ecliptic  would  be  about  25,000  years 
if  the  pole  of  the  ecliptic  were  the  centre  of  this  circle,  and 
the  period  would  be  about  31,000  years  if  the  centre  were 
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the  point  6°  from  the  pole  of  the  ecliptic.  As  the  earth 
rotates  about  366  times  in  one  year,  it  follows  that  during 
one  revolution  of  the  equinoxes  there  would  be  at  least 
9,150,000  rotations  of  the  earth  on  its  axis.  The  fadl  that 
the  centre  of  gravity  of  the  earth  is  not  situated  in  the  plane 
of  the  Equator  would  produce  a  different  movement  of  the 
earth  to  that  which  would  occur  if  the  centre  of  gravity 
were  located  in  this  plane  ;  and  although  during  one  rotation 
the  differences  would  be  very  minute,  yet  when  this  difference 
is  multiplied  by  9,000,000  the  variation  would  be  con- 
siderable. 

We  have,  however,  other  important  matters  to  consider 
in  connection  with  this  problem.  We  have  supposed  that 
the  earth  is  a  homogeneous  spheroid,  but  we  do  not  know 
this,  nor  can  any  person  know  it, — we  can  only  consider  it 
probable  ;*  but  we  can  now  state  what  we  do  know.  We  do 
know  that  in  former  periods  of  the  earth's  history  there  was 
a  very  different  distribution  of  land  and  sea  to  that  which 
now  prevails,  and  the  results  of  such  changes  we  can 
define. 

Let  us  take  for  granted  that  the  earth  is  homogeneous, 
and  that  at  present  the  centre  of  gravity  is  not  coincident 
with  the  Equator,  nor  is  it  passed  through  by  the  earth's 
axis.  Now  the  fadl  of  an  elevation  of  land — say  in  the 
southern  hemisphere — by  the  adticn  of  internal  forces,  or 
the  depression  of  land  from  any  cause,  would  not  make  this 
land  weigh  more  or  less,  and  therefore  the  relative  weight  of 
the  land  in  the  two  hemispheres  would  not  be  altered  by  any 
amount  of  elevation  or  depression,  and  no  change  in  the 
position  of  the  centre  of  gravity  of  the  earth  would  be  pro- 
duced by  any  amount  of  elevation  or  depression  of  the  land, 
supposing  the  earth  consisted  of  land  only.  Immediately,  how- 
ever, there  is  an  elevation  of  land,  there  is  a  transferral  of 
the  water  of  the  ocean  over  the  whole  earth.  The  sea 
which  before  covered  this  land  is  spread  over  the  whole 
globe ;  and  when  such  masses  of  land  as  the  greater  part  of 
Europe  and  America  rose  from  beneath  the  sea,  millions  of 
tons  of  water  were  transferred  to  other  parts  of  the  earth, 
and  the  position  of  the  centre  of  gravity  of  the  earth  was 
consequently  altered  thereby.  The  equilibrium  (as  we  may 
term  it)  of  the  earth  would  not  be  altered  by  the  adtual  fadl 
of  the  elevation  or  depression  of  land  in  either  hemisphere, 
but  it  would  be  altered  by  the  resulting  transferral  of  vast 
masses  of  water  from  one  hemisphere  or  one  locality,  which 
masses  would  then  be  spread  over  the  whole  surface  of  the 
globe. 
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The  calculations  made  of  the  effedl  produced  by  the  moon 
and  sun  on  the  rotating  earth,  when  the  centre  of  gravity 
was  in  one  position,  could  not  hold  good, — nor  would  the 
effefts  be  the  same  when  the  centre  of  gravity  was  situated 
in  another  position.  It  may  appear  that  the  effedls  resulting 
from  such  a  cause  would  be  slight,  but  it  must  be  remem- 
bered that  whatever  effedt  is  produced  during  one  rotation 
of  the  earth  would  have  to  be  multiplied  by  upwards  of 
g,ooo,ooo  to  obtain  the  effedt  during  one  revolution  only  of 
the  equinoxes ;  and  as  25,000  years  is  but  a  small  portion  of 
time  when  compared  to  the  long  epochs  required  by  Geology 
for  different  periods,  it  will  be  seen  that  this  is  by  no  means 
a  fadt  to  be  negledted  or  ignored. 

We  know,  from  the  researches  of  geologists,  that  there 
was  in  former  times  a  vastly  different  distribution  of  land 
and  sea  to  that  which  now  prevails^  We  know  that  this 
cause  would  have  produced,  by  the  transfer  of  the  water  of 
the  ocean,  a  change  in  the  position  of  the  centre  of  gravity 
of  the  earth ;  and,  as  mechanicians,  we  know  that  it  is  im- 
possible to  alter  the  position  of  the  centre  of  gravity  of  a 
rotating  body  without  altering  the  movement  which  the  axis 
of  this  rotating  body  may  at  the  time  be  making.  Conse- 
quently it  follows — if  the  statement  made  by  geologists  be 
true — that,  in  former  times,  continents  now  above  the  sea 
were  formerly  below  that  level,  and  that  the  change  in 
direction  which  the  earth's  axis  now  exhibits  is  not  that 
which  it  formerly  pursued  ;  and  as  the  value  in  the  obliquity 
of  the  ecliptic  is  dependent  on  the  course  pursued  by  the 
earth's  axis,  it  may  be  affirmed  that  the  variation  in  the 
obliquity  to  a  considerable  amount  is  not  only  possible,  but 
is  most  probable. 

The  question  of  this  great  change  in  the  obliquity  is,  we 
claim,  one  which  cannot  be  definitely  and  arbitrarily  settled 
by  making  certain  calculations  relative  to  the  attraction  of 
the  sun  and  moon  on  the  protuberant  mass  at  the  equatorial 
regions  of  the  earth,  and  ignoring  all  other  fa<5ts.  It  is  one 
which  no  mathematician  can  deal  with  corredtly,  whilst  he 
ignores  or  overlooks  the  fa<5t  of  the  present  probable  position 
of  the  earth's  centre  of  gravity,  and  of  the  certainty  of  this 
centre  having  formerly  been  located  elsewhere,  and  also  of 
there  having  been  many  changes  in  its  position  due  to  the 
transferral  of  the  waters  of  the  ocean,  in  consequence  of  the 
many  elevations  of  land  in  various  parts  of  the  earth  in 
former  times. 

As  a  summary  of  this  problem  we  may  give  the  fol- 
lowing : — 
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ist.  The  course  traced  by  the  earth's  axis  during  the  past 
2000  years  corresponds  to  an  arc  of  a  circle,  having  for  its 
centre  the  point  6°  from  the  pole  of  the  ecliptic,  and  so 
situated  that  at  about  the  date  a.d.  2298  the  pole  of  the 
heavens,  the  pole  of  the  ecliptic,  and  this  centre  will  be  in  the 
arc  of  a  great  circle.  The  result  of  such  a  course  would 
be  to  cause  an  obliquity  of  about  35^  at  a  date  about 

13,000  B.C. 

2nd.  The  evidence  of  Geology  is  positive  as  regards  the 
existence  of  glaciers,  in  former  times,  in  localities  down  to 
about  54°  lat.  Thus  astronomical  fa<5ts  and  geological  evi- 
dence agree  as  regards  this  course  of  the  pole. 

3rd.  The  faft  that  the  elevation  of  land  in  one  hemisphere, 
or  in  one  locality,  will  cause  a  transfer  of  water,  and  hence 
a  removal  of  the  locality  of  the  earth's  centre  of  gravity, 
must  produce  a  change  in  the  movement  of  the  earth's  axis, 
so  that  this  movement  cannot  be  uniform  for  all  time. 

4th.  The  positive  assertions  of  former  theorists,  that  no 
change  greater  than  about  1°  21'  could  occur  in  the  variation 
of  the  obliquity  is  based  on  two  errors : — First,  this  conclu- 
sion was  arrived  at  because  it  was  supposed  the  plane  of  the 
ecliptic  could  vary  only  to  this  small  amount,  and,  secondly, 
because  the  variation  in  the  position  of  the  earth's  centre  of 
gravity  was  entirely  overlooked. 

5th.  The  real  problem  relative  to  the  variation  in  the  ob- 
liquity has  little  or  nothing  to  do  with  any  change  in  the 
position  of  the  plane  of  the  ecliptic,  but  it  has  to  do  with 
the  change  in  the  direction  of  the  earth's  axis,  and  therefore 
is  dependent  on  the  change  in  position  of  the  earth's  centre 
of  gravity  produced  by  the  transfer  of  water  from  one  part 
to  another. 

6th.  The  present  somewhat  dogmatic  theory,  that  no 
change  whatever  greater  than  1°  21'  has  occurred  in  the  ob- 
liquity, assumes  that  the  earth  is  homogeneous,  that  the 
earth's  centre  of  gravity  is  situated  in  the  plane  of  the 
Equator,  and  was  formerly  always  where  it  now  is.  That  the 
earth  is  homogeneous  is  a  speculation  only.  That  the  centre 
of  gravity  is  located  in  the  plane  of  the  Equator  cannot  be 
true  if  the  earth  is  homogeneous.  And  it  is  an  undeniable 
fadl,  due  to  the  known  distribution  of  land  and  sea  in  former 
times,  that  the  earth's  centre  of  gravity  was  not  in  the  past 
where  it  now  is. 

It  thus  appears  that  this  problem  has  yet  to  be  investi- 
gated, for  the  present  accepted  theory  is  based  on  errors  or 
omissions,  and  is  opposed  to  fadts.  Its  advocates  have  too 
often  to  ignore  disagreeable  fadls,  and  to  start  on  assumptions 
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which  geological  knowledge  shows  us  is  erroneous.  That  a 
curve  should  now  be  traced  by  the  earth's  axis,  which, 
carried  back  13,000  years,  will  cause  an  obliquity 
of  35^  is  a  fadl  not  to  be  disposed  of  by  the  mere 
quotation  of  what  the  present  accepted  theories  are,  espe- 
cially when  geological  evidence  so  positively  demonstrates 
that  such  climatic  changes  as  would  follow  this  condition 
aftually  prevailed  on  earth.  Whilst,  however,  the  earth's 
axis  now  traces  this  course,  a  different  position  of  the  earth's 
centre  of  gravity  would  cause  a  different  movement,  and 
hence  the  course  might  have  been  such  in  former  times  as  to 
cause  the  obliquity  to  have  been  far  less  than  it  now  is, — a 
condition  which  would  produce  almost  an  uniform  climate 
over  the  whole  earth,  as  seems  to  have  been  the  case  during 
the  Miocene  period. 

The  present  accepted  belief,  therefore, — that  the  pole  of 
the  heavens  always  traces  a  circle  round  the  pole  of  the 
ecliptic  as  a  centre,  and  that  the  only  producing  cause  of  a 
change  in  the  value  of  the  obliquity  must  be  a  change  in 
the  position  of  the  plane  of  the  ecliptic, — appears  erroneous, 
and  to  have  been  based  on  an  imperfedl  colledlion  of  data. 
No  allowance  has  been  made  for  a  change  in  the  position  of 
the  earth's  centre  of  gravity,  and  no  knowledge  has  been 
shown  that  the  course  traced  by  the  earth's  axis  has  even 
now  a  definite  character,  which  is  not  a  circle  having  for  its 
centre  the  pole  of  the  ecliptic. 

The  statement,  also,  that  the  course  traced  by  the  earth's 
axis  in  all  past  times  must  have  been  the  same  that  it  now 
is,  is  the  same  as  affirming  that  if  you  alter  the  position  of 
the  centre  of  gravity  of  a  rotating  body  you  still  cause  no 
change  in  its  movements, — an  assertion  so  palpably  erroneous 
that  we  believe  all  unprejudiced  persons  must,  when  this 
omission  is  pointed  out  to  them,  admit  that  their  position  is 
untenable,  and  must  grant  that  a  considerable  change,  both 
greater  and  less,  in  the  obliquity  is  not  only  possible,  but 
must  have  occurred. 

That  vast  volumes  of  water  have  at  various  times  been 
transferred  from  one  part  to  the  other  of  our  sphere  is  a 
well-known  fadl.  That  this  transferral  must  cause  a  change 
in  the  position  of  the  centre  of  gravity  follows  as  a  result ; 
whilst  a  change  in  the  movement  of  the  axis  of  rotation 
also  follows  as  a  natural  law. 

Hence  the  evidence  derived  from  the  course  now  traced 
by  the  earth's  axis,  from  the  evidence  relative  to  changes  in 
the  earth's  centre  of  gravity  inducing  a  different  movement, 
from  the  convincing  evidence  of  Geology  relative  to  the 
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former  climate  of  high  latitudes,  and  the  absence  of  any 
sound  arguments  or  proofs  against  such  changes,  lead  to  the 
conclusion  that  the  obliquity  of  the  ecliptic  not  only  may 
have,  but  has,  varied  in  former  times  considerably,  having 
been  both  greater  and  less  than  it  now  is. 

That  a  far  less  obliquity  would  give  us  the  uniform  climate 
of  the  Miocene,  &c.,  whilst  a  greater  obliquity  would  give  us 
the  conditions  of  the  Glacial  epoch,  is  undoubtedly  true.  It 
is  also  undeniable  that  the  course  now  traced  by  the  earth's 
axis,  if  carried  back  into  the  past  for  13,000  years,  would 
bring  about  conditions  corresponding  exadlly  to  those  indi- 
cated by  the  geological  evidence  of  the  Glacial  epoch. 
That  this  same  curve  should  be  traced  in  endless  gyrations 
is  not,  however,  probable,  and  is  in  reality  impossible,  when 
any  elevation  or  depression  of  the  land  occurs ;  and  as  such 
changes  have  occurred,  we  must  trace — from  geological  evi- 
dences of  climate — what  the  former  course  of  the  earth's 
axis  probably  was. 

In  conclusion,  therefore,  we  must  state  that  the  evidence 
is  considerably  in  favour  of  great  changes  having  occurred 
in  the  obliquity  in  past  times,  that  there  is  no  sound  mathe- 
matical objedlion  to  such  change,  and  that  the  solution  of 
geological  paradoxes  is  probably  to  be  found  in  this  problem. 
And  that  the  singular  opposition  offered  to  its  reception  by 
a  certain  class  arises  entirely  from  their  not  having  examined 
all  the  preliminary  data,  and  from  a  praiseworthy  adherence 
to  their  early  teaching. 


II.    THE    RIGHTS    OF    THE    THINKER. 

NEW  Patent  Law  is  before  Parliament,  and  ques- 
tions regarding  literary  copyright  have  lately  been 
put  before  the  Prime  Minister :  it  is  clear,  there- 
fore, that  some  people  are  interested  in  defending  the  men 
of  thought  and  invention,  but  it  is  equally  clear  from  the 
discussions  that  neither  the  lawyers  nor  the  laity  have 
arrived  at  any  clear  ideas  of  the  right  of  property  which  a 
man  has  in  his  own  thoughts.  If  discovery  in  the  Arts  is 
spoken  of,  we  still  have  men  telling  us  that  they  are  all  the 
result  of  accident ;  scholars  have  still  some  floating  idea  of 
glass  being  invented  at  the  casual  sight  of  it  formed  under 
the  fire  made  for  cooking  on  some  Phoenician  river;  and 
Newton's  apple  accidentally  falling  seems  to  be  an  argument 
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to  others.  We  may  throw  aside  all  such  fancies ;  for  sup- 
posing the  glass  story  to  be  true,  which  it  almost  certainly 
is  not,  how  many  millions  of  fires  had  been  made  in  similar 
circumstances  before,  without  finding  an  eye  to  see ;  and 
supposing  the  apple  story  to  be  true,  as  giving  a  momentary 
impulse  to  the  thoughtful  soul  of  Newton,  how  many  mil- 
lions had  before  seen  the  selfsame  result  of  falling  to  the 
ground,  as  a  chara(5leristic  of  matter  around  us.  To  rear  a 
germ  seen  in  any  natural  or  artificial  adl  up  to  the  fulness 
of  life  and  usefulness  is  the  work  ©f  invention  or  discovery, 
as  the  case  may  be,  and  the  man  who  does  so  creates  out 
of  that  which  was  as  nothing  to  the  world  a  property  which 
his  fellows  value,  at  times,  to  an  extent  which  is  incalculably 
great.  If  a  man  takes  unoccupied  territory,  producing 
nothing  to  his  countrymen,  and  renders  it  produdlive,  the 
trifle  that  he  pays  for  it  in  any  colony  is  as  nothing  to  that 
which  labour  makes  it,  and  no  man  thinks  of  denying  his 
rights  when  he  has  made  a  rich  estate.  He  has  used  the 
knowledge  of  Nature,  and  has  made  a  permanent  property 
for  himself  and  his  posterity.  If  another  finds — as  in  this 
country — all  the  land  occupied,  and  seeks,  out  of  other  de- 
partments of  Nature,  to  bring  results  valuable  to  himself 
and  others,  he  uses  frequently  much  more  labour,  much 
rarer  knowledge,  more  varied  talents,  and  with  difficulty  he 
obtains  a  right  to  his  property  for  a  few  years  only,  and 
then  ev^ry  one  seizes  it  and  uses  it  for  himself.  Why 
should  a  property  which  a  man  creates  be  allowed  in  his 
possession  for  a  shorter  time  than  if  he  finds  it  ?  There  is 
one  reason,  and  only  one  good  one,  that  we  know  of.  If  the 
world  of  mind  had  been  valued  according  to  its  usefulness 
it  would  have  accumulated  to  an  extent  that  it  would  be  a 
burden  to  the  living,  and  the  very  progress  made  would 
become  a  clog  on  its  own  continuance.  This  is  a  reason 
why  the  rights  should  not  descend  to  posterity,  but  it  is  not 
a  reason  why  they  should  not  exist  during  a  considerable 
part  of  a  man's  lifetime,  or  a  certain  time  after  death  should 
he  die  early.  Let  a  man  make  an  invention  every  year  for 
thirty  years,  and  let  each  invention  be  worth  an  acre  of 
land, — at  the  end  of  the  fourteenth  year  the  value  of  an 
acre  is  taken  from  him,  and  every  year  afterwards  the  same 
amount  is  taken  away  for  thirty  years,  until  at  last  nothing 
is  left.  This  is  the  way  inventors  are  treated,  whilst  pecu- 
liar laws  are  made  to  retain  the  property  of  land  in  the 
same  family  for  generations.  It  is  even  proposed  to  take 
inventors'  property  away  every  seven  years,  as  the  thriving 
Jews  and  other  wealthy  persons — in  times  gone  past — were 
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robbed  for  the  good  of  the  country  or  the  pleasure  of  the 
rulers. 

The  length  of  time  suited  for  a  patent  is  worthy  of  re- 
discussion.  We  are  showing  rather  the  error  of  those  who 
would  give  none  whatever.  One  reason  for  thus  bleeding 
inventors  is,  that  they  take  ideas  out  of  a  field  common  to 
all  men.  So  are  the  fish  of  the  sea,  but  he  who  catches  is 
allowed  to  keep.  Another  form  of  this  fallacy  is,  that  some 
one  else  would  have  got  the  idea ;  but  who  knows  ?  The 
world  waits  for  thousands  of  years  for  very  simple  ideas. 
There  are  a  few  corollaries  from  other  ideas  that  easily  come 
to  many  minds,  and  that  is  held  as  a  reason  why  no  one 
should  have  any  monopoly.  This  is  a  favourite  fallacy : 
men  forget  that  an  idea  cannot  be  made  useful  to  the  public 
without  labour  and  expenditure,  and  unless  a  man  has  some 
protection  he  will  not  risk  his  money  or  his  time.  It  is  for 
the  interest  of  the  public  that  there  should  be  a  monopoly 
of  a  new  invention  for  a  time,  that  it  may  be  worked  out 
and  completed,  and  the  market  supplied ;  and  if  twenty  in- 
ventors claimed  the  idea  at  the  same  moment  it  would  be  a 
loss  to  the  public  if  one  out  of  the  twenty  were  not  chosen 
as  the  owner,  or  a  joint  ownership  established.  In  a  word, 
a  manufacturer  or  capitalist  refuses  to  aid  in  an  invention 
without  protection.  There  are  ideas  lying  dead,  because 
by  some  patent  law  they  have  lost  protection.  It  would  be 
weir  if  the  country  would  renew  such  patents  to  men  who 
will  undertake  them.  Why  should  it  be  impossible  to 
patent  them  twice  ?  If  the  first  man  in  fourteen  years 
could  not  repay  himself,  why  not  give  other  fourteen  years 
to  him,  or  to  another  man  ?  And  why  should  a  fully-pub- 
lished idea  be  in  all  cases  a  bar  to  this  kind  of  protection  ? 
The  knowledge  may  exist,  but  the  power,  or  knack,  or  taCl 
may  be  wanting,  and  it  is  he  who  benefits  the  public  that 
the  public  must  reward. 

The  principle  at  the  root  of  this  reasoning  is,  that  the 
public  gains  by  giving — for  a  time  at  least — the  monopoly  to 
individuals.     We  believe  this  principle  to  be  fully  established. 

If  we  take  a  country  in  which  patents  are  not  to  be  pro- 
cured, we  find  invention  repressed.  There  can  be  little 
doubt  that  the  thoughtful  German  mind  would  have  done 
more  in  industry — a  direction  extremely  natural  to  it,  as  its 
early  history  shows — had  not  the  laws  been  destructive  of 
protection  to  the  individual  inventor.  We  do  not  know  if 
the  Government  imagines  that  by  refusing  patents  the 
country  obtains  inventions  for  nothing.  The  delusion  is 
great ;  who  will  show  his  treasures  if  they  are  to  be  stolen  ? 
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The  same  reasoning  applies  to  ourselves ;  it  is  by  increasing 
the  protedlion  of  the  inventor  that  we  shall  gain  more  in- 
vention. We  know  well  that  many  of  the  best  men  refuse 
to  carry  out  ideas  because  of  the  expense,  which  patents 
will  not  enable  them  to  recover,  because  the  laws  have  been 
a  confusion  and  the  administration  in  the  hands  of  men  who 
do  not  pretend  to  a  knowledge  either  of  science  or  the 
industrial  arts. 

It  has  been  a  principle,  on  which  the  patent  law  is  founded, 
that  the  good  of  the  commonwealth  is  the  aim.  This  is  fair 
enough,  so  far,  but  we  know  what  injustice  was  often  done 
under  the  promising  phrase,  so  powerful  in  Rome  as  to 
make  the  people  blind  to  the  misfortunes  it  entailed.  If  the 
individual  must  suffer  for  the  commonwealth,  it  is  only  be- 
cause the  commonwealth  is  the  protection  of  the  individual, 
and  if  it  is  not  he  has  no  interest  in  suffering  for  it.  We 
may  say,  therefore,  that  the  rights  of  the  literary  and  in- 
venting class  are  such  as  the  State  must  protedt,  as  it  protedls 
the  property  in  land  or  potatoes ;  and  if  it  should  not  do  so 
it  can  only  be  when  reduced  to  a  condition  of  such  barbarism 
as  can  imagine  no  property  that  cannot  be  measured  with  a 
chain  or  weighed  in  sacks.  In  some  nations  a  man  might 
be  said  to  live  for  the  State ;  in  newer  times  the  State  is 
seen,  more  and  more,  to  be  subservient  to  the  individuals, 
and  as  new  worlds  are  evolved  from  the  old  they  must  have 
their  position  recognised  in  proportion  as  they  show  their 
value.  These  new  worlds  cannot  be  formed  of  the  same 
material  as  this  old  one,  but  they  are  no  less  admired,  and  if 
there  is  a  certain  endurance  in  the  matter  of  this  old  world 
which  seems  destined  to  give  it  force  as  well  as  respedtability, 
still  its  highest  value  is  only  as  a  foundation  for  the  growth 
of  the,  apparently  more  transient,  gifts  of  the  mind. 

Another  point  connedted  with  patents  is  not  to  be 
negle(5ted.  It  is  said  that  they  must  only  be  given  in  the 
name  of  the  inventor.  This  produces  much  evil,  and  causes 
some  men  to  say  that  they  are  inventors  when  they  are  not. 
There  is  no  harm  whatever  in  giving  patents  in  the  name  of 
anyone  who  may  say  that  he  is  commissioned  by  the  in- 
ventor, with  whom  there  may  be  an  agreement.  This  has 
been  done,  and  is  done,  with  foreigners,  and  no  good  objection 
has  arisen.  We  have  surely  a  right  to  this  privilege  as 
much  as  foreigners  have.  The  advantage  is,  that  men  may 
give  the  benefit  of  their  inventions  without  being  dragged 
before  the  world  or  tormented  in  law  courts,  when  by  consti- 
tution they  are  unable  to  bear  the  annoyances.  We  know 
the  want  of  such  a  permission  to  be  a  loss  to  the  world  of 
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invention.  Many  who  speak  in  public  on  this  subje<5l  seem 
never  to  have  known  inventors  or  watched  the  growth  of 
invention.  We  know  that  among  patentees  there  are  men 
who  may  more  properly  be  called  thieves,  and  frighten  away 
some  of  the  best ;  but  as  we  have  seen  the  growth  of  not  a 
few  inventions,  which  have  been  improving  year  after  year, 
with  careful  study,  labour,  and  expense,  we  have  learnt,  as 
we  imagine  any  man  who  thinks  at  all  must  learn — in  a  very 
simple  way — the  great  value  of  those  of  the  creative  race 
of  Britain  who  take  patents,  and  we  marvel  very  greatly  at 
legislators  who  are  willing  either  to  throw  them  aside  as 
too  common,  or  to  starve  them,  in  order  that  they  may 
work  hard  and  produce  more.  We  give  the  unvarnished 
meaning  of  some  of  the  arguments. 

We  have  before  us  a  sketch  of  a  new  patent  law  for 
Germany.  The  new  patent  court  is  proposed  to  be  partly 
of  lawyers  and  partly  of  experts,  but  there  is  not  room  here 
for  a  revision  of  the  plan.  In  Germany  the  re-issue  of 
patents  has  been  very  unsuccessful :  the  cause  may  lie  very 
deep— viz.,  in  the  constitution  of  the  German  mind,  which 
sees  principles  too  much,  and  not  the  fadls.  Fadls  we  know 
are  endless,  but  if  we  take  the  principles  out  we  find  them 
few,  and  one  thing  becomes  similar  to  many  other  things, 
and  in  a  certain  sense  the  same.  The  real  practical  meaning 
and  value  of  an  invention  is  therefore  lost  to  minds  of  a 
certain  stamp.  In  America  this  has  not  occurred.  It  is  quite 
uncertain  whether  the  English  mind  will  be  suited  to  form 
a  court  of  patents, — it  must  be  tried.  To  judge  from  the 
adtions  at  law  we  should  lose  hope ;  but  we  may  find 
another  result  when  men  are  allowed  to  judge,  freed  from 
the  trammels  of  precedent  and  ancient  habit  of  thought, 
and  free  from  the  irritating  arguments  so  often  brought 
about  apparently  to  complicate  the  subjedt.  We  are  in- 
clined to  think  that  no  men  in  Europe  could  do  the  work 
with  less  bias  than  the  English.  We  have  not  studied  the 
American  habits  on  this  subjedt.  We  may  be  satisfied, 
however,  that  any  sensible  men  could  weed  out  a  great 
many  of  the  applications  for  patents,  and  in  any  disputes 
come  to  safer  conclusions  than  can  now  be  obtained  by 
expensive  so-called  legal  processes. 

When  international  law  rises  somewhat  higher  out  of  the 
region  of  those  inferior  quarrels  which  have  so  often  led 
men  to  kill  each  other,  the  rights  of  the  inventive  and 
creative  mind  must  take  a  more  prominent  place ;  and  the 
natural  tendency  is  so  powerful  in  this  direction  that  the 
inability  to  see  it  would  appear  to  stamp  a  man  as  one  of 
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the  past,  having  little  sympathy  with  progress  and  little  ten- 
dency to  look  forward. 

We  do  not  see  that  the  time  is  come  for  an  international 
patent  law, — the  interests  of  nations  are  not  sufficiently 
alike,  even  if  we  include  the  more  advanced  nations  only, — 
but  in  the  matter  of  copyright  the  union  is  much  nearer  the 
possible,  and  that  nation  which  advances  most  in  justice 
and  wisdom  will  assist  most  readily  in  forming  it.  This, 
however,  requires  discussion  from  another  point  of  view, 
and  we  shall  not  continue  the  subjedt  at  present.  We  do 
not  pretend  to  have  discussed  the  patent  question,  but  have 
only  brought  forward  some  of  the  points  which  seem  to 
have  been  most  negledted,  and,  being  fundamental,  are  sug- 
gestive of  many  important  details. 


III.    ANOTHER    VIEW    OF    LEVITATION. 

N  a  recent  number  of  this  Journal  several  instances  were 
given  of  the  ecstatic  rising  of  Saints  during  prayer  or 
deep  absorption  of  mind.  Amongst  other  things  it  was 
said  that  these  levitations,  as  they  were  called,  did  not  occur 
among  Saxon  Saints.  This,  we  think,  is  an  oversight,  as 
we  have  the  liftings  of  St.  Dunstan — a  true  Saxon,  we 
suppose,  the  Dun  is  clearly  not  the  Celtic  noun — and 
St.  Edmund  (king),  an  Angle  not  easily  distinguished 
from  a  Saxon.  The  first  will  be  found  narrated,  under 
the  name  of  that  Saint,  in  Butler's  "  Lives  of  the  Saints ;" 
the  second  is  mentioned  in  a  note  under  "  The  Life  of 
St.  Philip  Neri."  It  may,  however,  be  true  that  the  Saxon 
Saints  are  less  conne(5led  with  the  subjedl  than  others. 
This  leads  to  the  question.  Is  it  because  of  the  less  excitable 
character  of  that  nation  ?  and  we  next  naturally  ask  if  it  is 
a  matter  of  nerves  physically,  or  is  it  because  of  the  less 
imaginative  charadler  of  that  practical  race  ?  The  tendency 
of  the  article  connected  levitation  as  among  the  Saints 
with  modern  Spiritualism,  which  certainly  flourishes  most 
in  a  very  excitable,  although  also  pradlical,  nation. 

It  may  be  a  little  foreign  to  the  point  to  introduce  here 
circumstances,  or  rather  narrations,  from  a  literature  almost 
unknown  in  England, — levitation  of  a  character  more 
romantic,  incredible,  and,  we  may  add,  fantastical ;  but,  on 
the  other  hand,  it  is  a  part  of  scientific  enquiry  to  negle(St 
no  view  of  a  question,  and  if,  by  going  in  the  direction  now 
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taken,  we  may  appear  in  one  instance  to  be  throwing  dis- 
credit on  the  whole  matter  by  absurdities,  and  in  another  by 
what  some  persons  might  fancy  to  be  profanities,  it  may,  in 
another  point  of  view,  be  shown  that  it '  is  right,  in  order 
that  we  may  see  to  what  opinions  may  lead,  or  from  what 
remarkable  origins  they  may  spring.  This  is  said  because 
it  seems  uncertain  which  is  the  character  of  the  true  begin- 
ners, although,  as  a  rule,  it  is  the  smallest  that  must  be 
held  as  such.  It  is  true  that  we,  with  most  persons,  do 
consider  all  this  Hibernian  matter  a  fine  exaggeration,  not 
exceeded  by  any  Americamsms,  of  which  it  is  perhaps  the 
ancestor ;  but  we  give  it  partly  because  of  the  matter  being 
interesting  in  itself,  as  belonging  to  the  history  of  ideas  in 
Physics,  and  partly  to  show  that  the  subjecSt  is  by  no  means 
exhausted  when  viewed  from  one  side  only.  Scientifically, 
however,  we  must  not  forget  that  the  ideas  in  the  battles  of 
Ireland  are  like  the  religious  narrations  in  England  and  the 
Continent  in  exciting  times.  In  the  history  of  the  Irish 
Saints  we  have  an  exaggerated  levitation,  if  we  may  so  call 
it, — but  that  again  runs  into  the  absurd,  and  it  is  quite  pos- 
sible that  it  may  have  its  origin  in  the  minor,  and  apparently 
better  authenticated,  risings  during  prayer.  One  of  these  is 
about  the  wildest  thing  that  man  has  imagined. 

The  flying  of  excited  heroes  is  scarcely  so  well  represented 
in  the  church,  by  any  example  known  to  us,  as  by  "  Christina, 
a  virgin  of  Tron,  who  is  said  to  have  been  carried  into  the 
church  for  burial,  when  her  body  ascended  from  the  coffin, 
and,  being  recovered  from  her  trance,  she  related  her  visions, 
and  ever  after  was  so  light  that  she  could  outstrip  the 
swiftest  dogs  in  running,  and  raise  herself  on  to  the  branches 
of  trees  or  the  tops  of  buildings." — ("  Encyclopedia  Metro- 
politana," — Occult  Science.)  This  is  more  remarkable  even 
than  *'  Swift  Camilla,"  who  skimmed  o'er  the  unbending 
com.  Savonarolo,  as  related  there,  quoting  Calmet,  is  a 
remarkable  instance. 

Of  course  we  shall  not  blame  anyone  for  considering  the 
whole  of  it  like  the  tale  of  Mogh  Ruith,  who  called  for  his 
white-speckled  bird  head-piece,  with  its  fluttering  wings,  and 
his  Druidic  instruments,  and  flew  up  into  the  air  to  the 
verge  of  the  fires,  and  turned  them  northwards  against 
his  enemies  in  a  great  Druidic  battle. — (O'Curry  and 
Sullivan's  "  Customs  of  the  Ancient  Irish,"  vol.  ii.)  Or  they 
may  be  put  among  such  exaggerations  as  in  the  fight  be- 
tween Cuchailain  and  Ferdiaidh,  in  the  same  volume,  when 
they  made  such  holes  in  each  other  that  the  birds  could  fly 
through  them ;  or  when  '*  Cuchailain  sprang  from  the  brink 
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of  the  ford,  and  alighted  at  the  boss  of  Ferdiaidh's  shield, 
— upon  which  Ferdiaidh  gave  the  shield  a  blow  of  his  left 
elbow,  and  cast  Cuchallain  off  from  him,  as  if  he  were  a 
bird,  back  to  the  brink  of  the  ford.  Cuchallain  again  sprang 
from  the  brink  of  the  ford,  and  alighted  on  Ferdiaidh's 
shield,  for  the  purpose  of  striking  him  on  the  head."  These 
are  stages  of  the  flying,  and  they  can  readily  be  traced 
through  many  degrees ;  and  of  course  we  can  readily  believe 
that  the  origin  exists  in  the  intensity  of  wishing  in  the 
human  soul,  by  which  the  slow  progress  of  human  beings 
moving  by  machinery  of  flesh  and  bones  envies  the  addi- 
tional apparatus  of  the  fowls,  and  finishes — ^if  it  does  finish 
— by  balloons.  The  feeling  has  its  true  expression,  like 
many  other  of  our  greatest  truths,  in  the  words  of  the 
Psalmist : — "  Oh  that  I  had  the  wings  of  a  dove,  that  I 
might  flee  away  and  be  at  rest." 

If  the  following  rather  shocks  Spiritualists,  and  sends 
them  to  re-consider  their  fadls,  it  will  do  no  harm,  and  it 
will  give  to  those  who  have  not  seen  any  of  the  wonders  of 
old  Irish  literature  a  curious  taste,  and  may  add  a  few 
readers  of  its  remarkable  writings  to  the  small  number 
among  us : — In  the  "  Battle  of  Magh  Rath,"  on  Moira,  we 
have  an  account  of  the  madness  of  Suibhne,  or  Sweeny. 
Taking  O'Donovan's  translation,  as  published  by  the  Irish 
Archaeological  Society,  we  find,  at  p.  331, — "  With  respedt 
to  Sweeny,  the  son  of  Colman  Guar,  the  son  of  Cobhthach, 
king  of  Dal  Araidhe,  we  shall  treat  of  him  for  another  while. 
Fits  of  giddiness  came  over  him  at  the  sight  of  the  horrors, 
grimness,  and  rapidity  of  the  Gaels ;  at  the  looks,  brilliancy, 
and  irksomeness  of  the  foreigners ;  at  the  rebounding  furious 
shouts  and  bellowings  of  the  various  embattled  tribes  on 
both  sides,  rushing  against  and  coming  into  collision  with 
one  another.  Huge  flickering,  horrible,  aerial  phantoms 
rose  up,  so  that  they  were  in  cursed  commingled  crowds 
tormenting  him ;  and  in  dense,  rustling,  clamorous,  left- 
turning  hordes,  without  ceasing;  and  in  dismal,  aSrial, 
storm-shrieking,  hovering,  fiend-like  hosts,  constantly  in 
motion,  shrieking  and  howling  as  they  hovered  about  them 
{i.e.,  about  both  armies)  in  every  direction,  to  cow  and  dis- 
may soft  youths,  but  to  invigorate  and  mightily  rouse  cham- 
pions and  warriors,  so  that — from  the  uproar  of  the  battle 
— the  frantic  pranks  of  the  demons,  and  the  clashing  of 
arms,  the  sound  of  the  heavy  blows  reverberating  on  the 
points  of  heroic  spears  and  keen  edges  of  swords,  and  the 
warlike  borders  of  broad  shields,  the  noble  hero  Suibhne 
<Sweeny)  was  filled  and  intoxicated  with  tremor,  panic. 
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dismay,  fickleness,  unsteadiness,  fear,  ilightiness,  giddiness, 
terror,  and  imbecility,  so  that  there  was  not  a  joint  or  a 
member  of  him  from  foot  to  head  which  was  not  converted 
into  a  confused,  shaking  mass,  from  the  eifedl  of  fear  and 
the  panic  of  dismay.     His  feet  trembled,  as  if  incessantly 
shaken  by  the  force  of  a  stream;  his  arms  and  various  edged 
weapons  fell  from  him,  the  power  of  the  hands  being  en- 
feebled and  relaxed  around  him,  and  rendered  incapable  of 
holding  them.     The  inlets  of  hearing  were  expanded  and 
quickened  by  the  horrors  of  lunacy ;  the  vigour  of  his  brain 
in  the  cavities  of  his  head  was  destroyed  by  the  clamour  of 
the  conflict ;  his  heart  shrunk  within  him,  with  the  panic 
of  dismay ;  his  speech  became  faltering,  from  the  giddiness 
of  imbecility ;  his  very  soul  fluttered  with  hallucinations, 
and  with  many  and  various  phantasms  :  for  that  (the  soul) 
was  the  root  and  true  basis  of  fear  itself.     He  might  be 
compared  on  this  occasion  to  a  salmon  in  a  weir,  or  to  a  bird 
after  being  caught  in  the  straight  prison  of  a  crib.     But  the 
person  to  whom  these  horrid  phantasms,  and  dire  symptoms 
of  flight  and  fleeing,  presented  themselves,  had  never  before 
been  a  coward  or  a  lunatic  devoid  of  valour ;  but  he  was 
thus  confounded  because  he  had  been  cursed  by  St.  Ronan, 
and  denounced  by  the  great  Saints  of  Erin,  because  he  had 
violated  their  guarantee,  and  slain  an  ecclesiastical  student 
of  their  people  over  their  consecrated  trench, — that  is,  a 
pure  clear-bottomed  spring,  over  which  the  shrine  and  com- 
munion of  the  Lord  was  placed  for  the  nobles  and  arch- 
chieftaijis  of  Erin,  and  for  all  the  people  in  general,  before 
the  commencement  of  the  battle. 

*'  With  respecSt  to  Sweeny,  let  us  treat  of  him  yet  another 
while.  When  he  was  seized  with  this  frantic  fit  he  made  a 
supple,  very  light  leap,  and  where  he  alighted  was  on  the 
fine  boss  of  the  shield  of  the  hero  next  him  ;  and  he  made 
a  second  leap,  and  perched  on  the  vertex  of  the  crest  of  the 
helmet  of  the  same  hero,  who,  however,  did  not  feel  him, 
though  the  chair  on  which  he  rested  was  an  uneasy  one. 
Wherefore  he  came  to  an  imbecile,  irrational  determination, 
— namely,  to  turn  his  back  on  mankind,  and  to  herd  with 
deer,  run  along  with  the  showers,  and  flee  with  the  birds, 
and  to  feast  in  wildernesses.  Accordingly  he  made  a  third, 
adlive,  very  light  leap,  and  perched  on  the  top  of  a  sacred 
tree  which  grew  on  the  smooth  surface  of  the  plain,  in  which 
tree  the  inferior  people  and  the  debilitated  of  the  men  of 
Erin  were  seated,  looking  on  at  the  battle.  These  screamed 
at  him  from  every  direction,  as  they  saw  him,  to  press  and 
drive  him  into  the  same  battle  again,  and  he,  in  consequence. 
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made  three  furious  bounces  to  shun  the  battle,  but  it  hap- 
pened that — instead  of  avoiding  it — he  went  back  into  the 
same  field  of  conilidt,  through  the  giddiness  and  imbecility 
of  his  hallucination ;  but  it  was  not  the  earth  he  reached, 
but  alighted  on  the  shoulders  of  men  and  the  tops  of  their 
helmets. 

"  In  this  manner  the  attention  and  vigilance  of  all  in  gene- 
ral were  fixed  on  Suibhne,  so  that  the  conversation  of  the 
heroes  among  each  other  was — '  Let  not/  said  they,  *  let 
not  the  man  with  the  wonderful  gold-embroidered  tunic  pass 
from  you  without  capture  and  revenge.'  He  had  the  tunic 
of  the  monarch  of  the  grandson  of  Ainmire  upon  him  on 
that  day,  which  had  been  presented  by  Domhnall  to  Congal, 
and  by  Congal  to  Suibhne,  as  he  himself  testifies  in  another 
place. 

*  It  was  the  saying  of  everyone 
Of  the  valiant  beautiful  host, 
Permit  not  to  go  from  you  to  the  dense  shrubbery 
The  man  with  the  goodly  tunic* 

His  giddiness  and  hallucination  of  imbecility  became  greater 
in  consequence  of  all  having  thus  recognised  him,  and  he 
continued  in  this  terrible  confusion  until  a  hard,  quick, 
shower  of  hailstones — an  omen  of  slaughter  to  the  men  of 
Erin — began  to  fall ;  and  with  this  shower  he  passed  away, 
like  every  bird  of  prey,  as  Suibhne  said,  in  another  place. 

*  This  was  my  first  run. 
Rapid  was  the  flight ; 
The  shot  of  the  javelin  expired 
For  me  with  the  shower.' 

And  it  was  by  lunacy  and  imbecility  he  determined  his 
counsels  as  long  as  he  lived." 

Such  is  one  of  the  most  famous  accounts  of  thC  Irish  on 
the  subjedl.  It  is  in  accordance  with  a  notion  there  that 
lunatics  lose  their  weight,  at  least,  to  a  great  extent ;  very 
different  from  the  Red  Indian  who  said — "  When  I  am 
angry  I  weigh  a  ton.*'  Can  that  Member  of  Parliament 
have  had  these  stories  in  his  head  when  he  said — **  A  man 
cannot  be  in  two  places  at  once,  unless  he  is  a  bird  ?  " 
When  St.  Columba  saw  the  angel  flying  through  the  air 
like  a  bird,  to  save  a  man  from  falling,  the  time  spent  was 
very  short,  and  the  messenger  was  almost  "  at  once  "  there, 
at  the  end  and  the  beginning. 

If  we  take  the  ecclesiastical  side  we  hear  of  many  similar 
flights,  such  as  the  instantaneous  passage  from  place  to 
place  in  Ireland ;  but  probably  the  Irish  fancy  could  not  be 
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brought  to  tell  a  simple  tale  of  rising  into  the  air  beyond 
reach  :  it  immediately  raised  the  whole  question  a  few  stages 
higher,  and  made  the  immeasurable  and  incomprehensible 
out  of  the  stridtly  limited. 

In  the  notes  to  the  "  Life  of  St.  Columba,"  by  Dr.  Reeves, 
as  published  by  Edmondston  and  Douglas,  we  have  an  ac- 
count of  two  Saints  fighting  with  demons  for  the  soul  of 
King  Brandubh.  **  Brandubh  was  killed  on  the  morrow, 
and  demons  carried  his  soul  into  the  air,  and  Maedhog, 
abbot  of  Ferns,  heard  the  wail  of  his  soul  as  it  was  under- 
going pain,  while  he  was  with  the  reapers,  and  he  went  into 
the  air  and  began  to  battle  with  the  demons.  And  they 
passed  over  Hy  (lona) ;  and  Columbkille  heard  them  whilst 
he  was  writing,  and  he  stuck  the  style  into  his  cloak  and 
went  to  battle  to.  the  aid  of  Maedhog,  in  defence  of  Bran- 
dubh's  soul.  And  the  battle  passed  over  Rome,  and  the 
style  fell  out  of  Columbkille's  cloak,  and  dropt  in  front  of 
Gregory,  who  took  it  up  in  his  hand.  Columbkille  followed 
the  soul  of  Brandubh  to  heaven.  When  he  reached  it  the 
congregation  of  heaven  were  singing  Te  decet,  &c.  Columb- 
kille did  the  same  as  the  people  of  heaven,  and  they  brought 
Brandubh's  soul  back  to  his  body  again.  Columbkille  tar- 
ried with  Gregory,  and  brought  away  Gregory's  brooch  with 
him, — and  it  is  the  hereditary  brooch  to  this  day  in  lona, — 
and  he  left  his  style  with  Gregory." 

Here  we  find  the  utmost  exaggeration  that  one  can 
imagine, — at  the  same  time  with  limited  ideas ;  but  let  us 
go  back  to  Sweeny,  whose  story,  after  that  of  Maedhog  and 
St.  Columba's,  is  like  a  common  occurrence.  Let  us  hear 
the  remark,  for  a  moment,  of  a  modern  student  of  those 
times.  In  Note  63  to  "  Congal,"  a  poem  by  Dr.  Samuel 
Ferguson,  Q.C.,  we  have — "  That  men  should  lose  their 
reason  in  the  horrors  of  hand  to  hand  fighting  seems  not 
incredible ;  but  the  notion  of  this  kind  of  phrenetic  excite- 
ment being  attended  with  a  loss  of  material  weight,  is,  so 
far  as  I  know,  peculiar  to  Celtic  tradition.  We  have  it  in 
the  legends  of  both  islands  :  Merlin,  at  Arderidd  ;  Sweeny, 
in  this  incident  of  the  battle  of  Moyra ;  another  in  the  battle 
of  Ventry,  and  various  other  instances  referred  to  in  the 
extra(5t  following."  This  is  from  the  '*  Quarterly  Review  " 
of  April,  1868  : — '*  The  idea,  which  had  a  strong  and  per- 
sistent hold  of  the  Gaelic  mind,  was  that  excess  of  mental 
excitement — especially  of  the  passion  of  fear — destroyed  or 
counteracted  the  influence  of  gravitation.  Excessive  exalta- 
tion of  mind  arising  from  religious  enthusiasm,  whether 
Christian  or  Pagan,  is  alleged  to   have  the   same  effedl. 
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During  the  time  of  those  epidemics  called  Witchcraft,  in 
the  Middle  Ages,  the  trial  by  water  was  grounded  on  the 
assumption  that  a  person  demoniacally  possessed  could  not 
sink ;  and  the  test  of  scales  and  weights  was  used,  prompted 
by  the  same  popular  convidtion.  The  Irish  seem  to  have 
confined  their  belief  of  the  capacity  of  the  human  body  to 
receive  some  influence  counteractive  of  gravitation  to  the 
case  of  lunatics,  especially  when  the  phrensy  was  induced 
by  fear.  Thus,  in  the  battle  of  Moyrath,  Sweeny,  the  young 
king  of  Dalaraidh,  who  has  provoked  the  curse  of  an  angry 
ecclesiastic,  is  visited  on  the  battle-field  with  an  excess  of 
terror  which  deprives  him  at  once  of  his  senses  and  his 
bodily  weight,  and  he  rises  like  a  leaf  or  a  waif  in  the  air 
over  the  heads  and  helmets  of  those  around  him,  and  so 
flits  rather  than — in  the  figurative  sense — flies  from  the  field. 
The  battle  of  Moyrath  is  said  to  have  been  fought  in  637  A.D., 
and  certainly  the  belief  may  well  be  accepted  as  having 
been — even  at  that  early  period — settled  in  the  popular 
mind  ;  for  here,  a.d.  718,  in  the  "  Chronicle  of  the  Monks  of 
Clonmacnoise,"  we  find  the  record  of  a  furious  battle  between 
the  northern  and  southern  Hy-Niall,  at  the  Hill  of  Allen, 
in  Kildare,  where — together  with  a  great  number  of  kings 
and  chiefs,  whose  names  are  given — there  perished  novem 
volatiles,  i.e.,  gealta,  i.e.,  nine  volatiles  or  flying  phrenetics, 
who,  in  the  words  of  the  old  translator,  '  flyed  in  the  ayre 
as  if  they  were  winged  fowle.'  As  usual,  the  visitation  is 
consequent  on  the  curse  of  a  religious  person, — in  this  case 
a  leper,  whose  cow  had  been  seized  by  some  of  the  com- 
batants." Dr.  Ferguson  continues,  "  One  is  naturally  led  to 
ask,  Can  there  be  such  a  body  of  tradition  without  such 
a  foundation  in  fadt ;  and,  if  so,  is  it  a  contradiction  or 
negation  of  the  Newtonian  law  that  we  are  to  admit  as  a 
solution  ?*' 

We  may  easily  answer  that,  even  if  we  found  men 
floating,  Newtonian  gravitation  would  not  be  interfered 
with.  Balloons,  even  when  rising,  still  gravitate,  and  mag- 
nets— even  rising  from  the  ground  by  the  attraction  of 
another  magnet — are  not  out  of  the  influence  of  gravitation. 
It  is  not  at  all  known  whether  mental  excitement  afieCts 
weight,  but  even  if  it  does  it  can  only  be  to  a  small  extent, 
and  the  physical  reasoning  is  quite  against  it ;  at  the  same 
time,  neither  the  reasoning  nor  the  experiments  have  been 
made  with  such  care  as  men  would  give  had  they  the 
slightest  hope  of  gaining  any  knowledge.  The  connection 
of  the  body  with  magnetism  and  electricity  is  a  most  obscure 
subject :  there  evidently  is  much  to  learn  ;  there  are  move- 
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ments  going  on,  but  in  a  closed  circle,  where  we  cannot 
observe. 

Still,  allowing  that  there  was  a  difference, — say  that  a 
man  in  violent  excitement  weighed  half  a  pound  less, — it 
would  not  bring  us  much  nearer  these  wonderful  accounts 
of  flying,  and  so  they  must,  it  is  to  be  feared,  go  from  us 
like  the  man  in  the  "  Arabian  Nights,"  who  sat  on  a  carpec 
and  wished,  and  was  anywhere ;  or  the  flying  horse  of  wood, 
who  was  moved  by  the  mechanism  of  a  peg ;  or  the  older 
Pegasus  himself.  St.  Columba  is  the  foundation  of 
legends  told  by  men,  so  rude  that  the  simple  abbott  was 
to  them  as  an  angel  fit  for  heaven,  and  able  to  go  when 
he  pleased. 

After  viewing  these  ancient  narrations  we  must  come  to 
this  conclusion, — that  there  may  possibly  be  something 
which  caused  the  idea  other  than  mere  fancy,  but  whether 
that  something  were  merely  what  we  are  accustomed  to  call 
light-headedness  when  it  is  unpleasant,  or  buoyancy  when 
we  feel  bright,  must,  after  all,  be  settled  by  modem  enquiry. 
We  are  not  wiser  till  we  gain  certainty,  but  we  sometimes 
learn  tendencies  from  indefinite  narrations  which  it  is  pro- 
fitable  to  trace,  and  it  is  extremely  interesting  to  think  that 
even  the  wildest  brain  has  some  little  germ  round  which  it 
makes  its  romance.  It  is  the  soul  seeking  to  enlarge  its 
empire  of  truth,  sometimes  doing  it  by  empty  boasting 
instead  of  by  conquest.  The  question  remains.  What  is  the 
conquest  in  this  case,  and  is  there  any  ? 


IV.  THE    HISTORY    OF    OUR    EARTH.* 

>NE  of  the  fadls  which  first  forced  themselves  upon  the 
attention  of  the  earlier  geologists  was  the  presence, 
in  temperate  and  arftic  regions,  of  the  fossilised  re- 
mains of  animal  and  vegetable  species,  such  as  are  now 
peculiar  to  tropical  or  sub-tropical  climates.  For  a  time 
this  remarkable  phenomenon  was  referred  to  the  conse- 
quences of  the  Noachian  deluge,  which  was  assumed  to  have 
brought  tree-ferns  from  tropical  forests,  and  deposited  them 
to  form  the  coal-beds  of  England  and  of  Nova  Scotia.  So 
soon  as  this  crude  hypothesis  was  found  to  be  wholly  un- 
tenable, it  was  felt  that  the  climate  of  the  earth  must  have 

*  Climate  and  Time  in  their  Geological  Relations :  a  Theory  of  Secular 
Changes  of  the  Earth's  Climate.  By  Jambs  Croll  (of  H.M.  Geological 
Survey  of  Scotland).    London :  Daldy,  Isbister,  and  Co. 
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undergone  important  secular  alterations.  For  a  considerable 
time  it  was  supposed  that  during  the  Cambrian,  Silurian, 
and  other  pristine  periods,  the  climate  of  our  globe  was 
much  hotter  than  at  present,  and  that  it  has  ever  since  been 
gradually  declining,  as  the  internal  regions  of  the  earth  have 
become  progressively  colder.  Modern  physical  research, 
however,*  has  shown  that  the  earth's  general  climate  could 
not  have  been  appreciably  modified  by  internal  heat  for  more 
than  10,000  years  after  its  surface  began  to  solidify,  and 
that  the  present  influence  of  internal  heat  upon  the  tem- 
perature does  not  exceed  the  i-75th  of  a  degree.  Further, 
geological  evidence  goes  to  prove  that — so  far  from  a  uni- 
form or  progressive  decline  of  temperature  having  taken 
place  from  the  earliest  ages — there  have  been  periods  when 
the  climate  was  very  much  colder  than  at  present.  There 
have  been,  in  fa(5l,  not  one,  but  several  "  Glacial  periods," — 
times  when  an  ardlic  condition  of  climate  prevailed  in  the 
British  islands,  and  when  they,  along  with  the  greater  part 
of  the  European  continent,  were  buried  under  ice.  Between 
these  periods,  again,  there  intervened  others,  when  Western 
Europe  enjoyed  a  semi-tropical  climate,  whilst  even  Green- 
land and  Nova  Zembla  were  free  from  ice,  and  covered  with 
luxuriant  vegetation. 

It  must  be  remembered  that  a  Glacial  epoch  is  not  merely 
a  season  of  unusual  cold.  Its  charadleristic  feature  is  the 
*'  glaciation  "  of  a  considerable  portion  of  the  land, — in 
other  words,  its  becoming  coated  with  a  continuous  mass  of 
glacier-ice.  This  phenomenon  cannot,  obviously,  arise  from 
any  general  decrease  of  the  earth's  temperature.  Were  the 
sun  to  be  extinguished,  evaporation  from  the  surface  of  the 
globe  would  cease,  and  all  downfall,  either  of  rain  or 
snow,  would  cease  likewise.  Though,  therefore,  in  such  an 
assumed  case  the  ocean  would  be  frozen  down  to  its  very 
bed,  the  land  would  remain  bare  of  ice.  For  glaciation  it  is 
necessary  that  evaporation  should  go  on  unhindered  in  some 
warm  parts  of  the  globe,  and  that  the  moisture  thus  volati- 
lised should  be  transferred  to  colder  regions,  and  there  pre- 
cipitated. This  consideration  at  once  disposes  of  a  variety 
of  theories  concerning  the  probable  cause  of  a  Glacial  epoch, 
as  we  shall  see  hereafter,  and  proves — what  no  stricStly  geo- 
logical evidence  could  show — that  no  such  epoch  could 
simultaneously  affecSt  both  hemispheres. 

This  premised,  we  may  proceed  to  examine  some  of  the 
more  important  of  the  numerous  hypotheses  put  forward  to 
account  for  these  alternating  epochs  of  heat  and  cold. 

*  Sir  William  Thomson,  Phil.  Mag.,  January,  1863. 
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Poisson  supposes  that  the  earth  may  have  passed,  in  its 
earlier  history,  through  regions  of  space  respeftively  hotter 
and  colder  than  the  part  where  she  now  revolves.  On  this 
Mr.  Croll  remarks,  that  though  there  may  be  a  difference  in 
the  quantity  of  force  passing  through  different  parts  of  space 
in  .the  form  of  heat,  yet  we  cannot  imagine  space  in  itself  to 
be  either  cold  or  hot.  During  the  hot  periods,  therefore, 
the  earth  must,  on  this  supposition,  have  passed  near  to  or 
among  other  sources  of  heat  and  light  in  addition  to  the 
sun.  But  masses  capable  of  thus  seriously  affecting  our 
climate  could  not  do  other  than  greatly  perturb  the  me- 
chanism of  the  solar  system.  The  orbits  of  the  planets 
might  therefore  be  expecSted  to  give  some  evidence  of  such 
an  occurrence. 

Others  have  assumed  that  the  sun  is  a  variable  star,  its 
energies  waxing  and  waning  at  regular  or  irregular  periods. 
Against  this  it  may  be  urged — ^Which,  indeed,  applies  also  to 
the  hypothesis  of  Poisson — that  a  general  redudlion  of  tem- 
perature over  the  whole  globe  could  not  produce  the  charac- 
teristic phenomena  of  glaciation. 

A  variation  in  the  obliquity  of  the  ecliptic  is  sometimes 
put  forward  in  explanation  of  former  flucStuations  in  the 
earth's  temperature.  But  Mr.  Croll  declares  that  "  it  can 
be  shown  from  celestial  mechanics  that  the  variations  in  the 
obliquity  of  the  ecliptic  must  always  have  been  so  small 
that  they  could  not  materially  affecSt  the  climatic  conditions 
of  the  globe ;  and  even  admitting  that  the  obliquity  could 
vary  to  an  indefinite  extent,  it  can  be  shown  that  no  increase 
or  decrease,  however  great,  could  possibly  account  for  either 
the  Glacial  epoch  or  a  warm  temperate  condition  of  climate 
in  polar  regions." — (Page  8).  On  this  point  Mr.  Croll  is  at 
issue  with  Mr.  Belt,  who  maintains  [("  Quarterly  Journal  of 
Science,"  Odlober,  1874)  that  the  Glacial  epoch  resulted 
from  a  great  increase  in  the  obliquity  of  the  ecliptic. 
"There  exist,"  he  says,  "glacial  conditions  at  present 
round  the  poles,  due  primarily  to  the  obliquity  of  the 
ecliptic."  "  Were  the  earth's  axis  perpendicular  to  the 
plane  of  its  orbit,  spring  would  reign  round  the  ardlic 
circle,"  and  "  under  such  circumstances  the  piling  up  of 
snow,  or  even  its  production  at  the  sea-level,  would  be  im- 
possible, excepting,  perhaps,  in  the  immediate  neighbourhood 
of  the  poles,  where  the  rays  of  the  sun  would  have  but  little 
heating  power,  from  its  small  altitude."  In  reply,  Mr.  Croll 
remarks  that,  were  the  earth's  axis  to  become  perpendicular 
to  the  plane  of  its  orbit,  the  quantity  of  heat  received  by 
the  polar  regions  would  be  far  less  than  it  is  now.     It  is 
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well  known  that  at  present  at  the  equinoxes,  when  da)'  and 
night  are  equal,  snow,  and  not  rain,  prevails  in  the  ardtic 
regions,  and  can  we  suppose  it  would  be  otherwise  in  the 
case  under  consideration  ?  How,  we  may  well  ask,  could 
these  regions,  deprived  of  their  summer,  get  rid  of  their 
snow  and  ice  ?  "  The  circumstances  which  Mr.  Belt  con- 
siders that  physical  astronomers  have  left  out  of  account  in 
calculating  the  variability  of  the  ecliptic,  Mr.  Croll  does  not 
think  capable  of  materially  ajfedting  the  question  at  issue. 
But  in  the  chapter  in  which  he  criticises  the  views  of 
Mr.  Belt,  Mr.  Croll  makes  certain  admissions  which  very 
materially  qualify  his  declaration  which  we  have  just 
quoted.  He  tells  us  (p.  398)  that  the  "  conclusion  generally 
come  to  by  geologists  and  physicists  "  is  that  no  great  efFedt 
can  be  ascribed  to  a  change  in  the  obliquity  of  the  ecliptic, 
but  that,  after  giving  special  attention  to  the  matter,  he  has 
been  "  led  to  the  very  opposite  conclusion  1"  '*  It  is  quite 
true,"  he  proceeds,  "  that  the  changes  in  the  obliquity  of 
the  Equator  cannot  sensibly  aifeft  the  climate  of  temperate 
regions,  but  it  will  produce  a  slight  change  in  the  climate  of 
tropical  latitudes,  and  a  very  considerable  effect  on  that  of  polar 
regions^  especially  at  the  poles  themselves.'^  An  increase  of  ob- 
liquity from  23°  28'  to  the  known  maximum  24"  50'  34"  would 
cause  the  poles  to  receive  i-i8th  more  solar  heat  than  they 
do  at  present,  and,  all  other  things  being  equal,  would  pro- 
duce ''  a  rise  in  the  mean  annual  temperature  equal  to  14'' 
or  15°,  raising  the  temperature  of  the  poles  to  that  now 
prevailing  at  latitude  76"*."  But  as  the  polar  regions  are 
covered  with  snow  and  ice,  this  extra  heat  would  have  little 
effe(5t  in  raising  the  temperature,  and  would  mainly  serve  to 
increase  by  i-i8th  the  total  yearly  amount  of  ice  melted  at 
the  poles.  Thus  the  maximum  of  obliquity,  if  coinciding 
with  other  phenomena  to  which  we  shall  refer  in  expounding 
Mr.  Croll's  own  theory,  would  have  a  decided  effeft  in  pro- 
ducing the  warm  interglacial  periods. 

Let  us  now  examine  the  theory  of  Sir  Charles  Lyell, 
This  great  geologist  contended  that  the  extraordinary  cli- 
matic changes  of  which  the  **  stone  book "  Jjears  record 
were  due  to  differences  in  the  distribution  of  land  and 
water.  Were  the  land  all  accumulated  in  high  latitudes, 
and  were  the  intertropical  regions  occupied  exclusively  by 
water,  the  general  temperature  of  the  earth  would  be 
lowered  sufficiently  to  account  for  the  glacial  period.  Con- 
versely, were  the  land  collected  within  or  near  the  tropics, 
and  were  the  polar  regions  occupied  by  sea,  the  temperature 
of  the  globe  would  be  as  strikingly  raised.    This  dodtrine 
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Mr.  CroU  repudiates.  He  considers  that  it  "  does  not  duly 
take  into  account  the  prodigious  influence  exerted  on  climate 
by  means  of  the  heat  conveyed  from  equatorial  to  temperate 
and  polar  regions  by  means  of  ocean  currents."  Were  it 
not  for  this  heat  he  maintains  that  **  the  thermal  condition 
of  the  globe  would  be  totally  different  from  what  it  is  at 
present/'  and  he  declares,  further,  that  "the  effecSt  of 
placing  all  the  land  along  the  Equator  would  be  diametrically 
the  opposite  of  that  which  Sir  Charles  supposes."  Into 
this  argument  it  will  be  necessary  for  us  to  enter.  The 
more  land  is  placed  at  the  Equator  the  more  the  possibility 
of  conveying  the  sun's  heat  from  tropical  regions  by  means 
of  ocean-currents  is  reduced.  Heat  could,  then,  only  be 
transferred  to  the  colder  regions  of  the  world  by  means  of 
the  upper  currents  of  the  trades,  since  the  heat  conveyed 
along  the  earth's  solid  crust  by  condudlion  is  obviously  in- 
significant. But  these  upper  currents,  or  "  anti-trades,"  are 
not  well  adapted  for  conveying  heat.  Even  at  the  Equator 
the  upper  currents  are  nowhere  below  the  snow-line,  and 
consequently  they  play  in  a  region  whose  mean  temperature 
is  below  the  freezing-point.  If  warm  they  would,  as  a 
matter  of  course,  raise  the  snow-line  above  their  own  level. 
The  heat  carried  up  by  the  ascending  air-currents  at  the 
Equator  is  not  transferred  to  higher  latitudes  to  be  there 
employed  in  warming  the  earth,  but  is  thrown  off  into  the 
cold  regions  of  space  above.  The  upward  current  is 
really  one  of  the  most  effedtual  means  which  the  earth  pos- 
sesses of  wasting  the  heat  derived  from  the  sun.  Conse- 
quently, of  all  places,  here  ought  to  be  colledled  the  substance 
best  adapted  for  preventing  this  dissipation  of  the  earth's 
heat  into  space.  Now,  of  all  known  substances  water 
seems  to  possess  this  quality  to  the  greatest  extent,  and  be- 
sides— being  a  fluid — it  is  adapted,  by  means  of  currents,  to 
convey  to  every  region  of  the  earth  the  heat  which  it  receives 
from  the  sun. 

Without  denying  the  force  of  these  considerations,  it  still 
appears  to  us  that  there  are  certain  circumstances  which 
speak  in  favour  of  Lyell's  supposition.  The  average  tem- 
perature of  Western  and  Southern  Europe  is  admittedly 
higher,  latitude  for  latitude,  than  that  of  Asia  and  North 
America.  But  Europe  is  precisely  that  portion  of  the  globe 
which  has  in  its  proximity  to  the  south  the  greatest  amount 
of  intertropical  land, — to  wit,  the  wide  expanse  of  Africa, — 
and  towards  the  north  the  least  amount  of  frigid  land. 
America  becomes  narrower  as  we  approach  the  torrid  zone, 
and  widens  out  as  we  recede  towards  the  pole.    Again,  hot 
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winds,  blowing  along  the  surface  of  the  land,  and  not  de- 
pending upon  oceanic  currents,  are  not  unknown.  On  the 
south  coast  of  Australia,  a  hot  north  wind,  blowing  from 
the  heated  interior  of  that  continent,  is  common.  In  the 
South  of  Europe  and  in  South-western  Asia  warm  winds  are 
experienced  which  cannot  be  fairly  ascribed  to  the  Gulf- 
stream.  On  the  other  hand,  the  greatest  climatic  scourge 
of  Western  Europe  is  the  north-easterly  wind  blowing  from 
Siberia  and  Russia.  In  America,  the  "  norther " — which 
sweeps  "  sword  in  hand  "  from  the  polar  regions  down  to 
Texas  and  Mexico — is  likewise  a  land-wind.  These  fadts 
certainly  lend  some  countenance  to  the  view  that  the  climate 
of  any  locality  in  the  temperate  zone  is  lowered  by  land 
lying  between  such  place  •and  the  Pole,  and  raised  by  land 
lying  between  such  place  and  the  Equator. 

Without,  however,  going  further  into  this  question,  we 
can  scarcely  assume  that  the  land  preponderated  alternately 
in  the  frigid  and  in  the  torrid  zone  for  every  alternation  of 
hot  and  glacial  periods  that  the  world  has  experienced.  Part 
of  the  evidence  of  a  former  milder  epoch  is  the  discovery  of 
large  trees,  in  situ,  in  Greenland,  Spitzbergen,  and  similar 
regions.  The  comparative  warmth  of  the  interglacial 
periods  cannot,  therefore,  be  due  to  the  absence  of  land  in 
high  latitudes. 

It  has  been  ingeniously  suggested  that  a  warm  epoch 
might  be  produced  by  an  alteration  in  the  composition  of 
the  atmosphere.  Carbonic  acid  gas,  whilst  perfedlly  per- 
vious to  heat-rays  emanating  from  a  body  of  high  tempera- 
ture, such  as  the  sun,  is  almost  impassable  for  heat-rays  of 
low  tension  given  off  by  non-luminous  bodies.  Did  our  at- 
mosphere contain  a  few  per  cents  of  this  gas,  the  earth 
would  be  warmed  by  the  sun's  rays,  during  the  day,  precisely 
as  at  present;  but  at  night  the  loss  of  heat  by  radiation 
would  be  praftically  annulled,  and  the  earth  consequently 
would  lose  little  or  nothing  of  the  heat  absorbed  during  the 
day.  But  though  this  theory  might  account  for  a  single 
warm  epoch,  it  cannot  explain  a  succession  of  intensely  cold 
periods,  separated  by  a  series  of  warm  intervals. 

We  must  now  consider  Mr.  Croll's  views  on  the  cause  of 
the  Glacial  epochs, — a  theory  which  has  a  certain  resem- 
blance to  that  of  Adh^mar,  if  we  strip  the  latter  of  certain 
of  its  exaggerations. 

There  are  two  circumstances  which  influence  the  relative 
position  of  the  sun  and  the  earth,  and  which,  to  a  very  great 
extent,  affeft  the  climate  of  the  latter.  These  are  the  pre- 
cession of  the  equinoxes  and  the  periodical  changes  in  the 
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eccentricity  of  the  earth's  orbit.  In  the  northern  hemi- 
sphere, at  present,  winter  occurs  when  the  earth  is  nearest 
to  the  sun.  As  at  that  period  she  travels  in  her  orbit  with 
the  greatest  speed,  it  results  that  our  winter  half-year — 
i.e.,  the  interval  between  the  autumnal  and  the  vernal 
equinox — is  nearly  eight  days  shorter  than  the  summer 
half-year.  In  the  southern  hemisphere  the  conditions  are, 
of  course,  exaftly  reversed.  In  virtue  of  the  precession  of 
the  equinoxes,  however,  times  have  been — and  will  be  again 
— when  the  northern  hemisphere  will  have  its  winter  when 
the  earth  is  in  aphelion,  and  its  summer  when  she  is  in 
perihelion,  and  when  it,  in  turn,  will  have  a  longer  winter 
and  a  shorter  summer.  But  the  orbit  of  the  earth  is  also 
undergoing  a  regular  series  of  changes.  Its  "  eccentricity  is 
at  present  diminishing,  and  will  continue  to  do  so  during 
23,980  years  from  the  year  1800  a.d."  After  this  time  it 
will  again  gradually  increase.  The  earth's  distance  from 
the  sun,  when  in  perihelion,  is  at  present  89,000,000  miles. 
But  when  the  eccentricity  of  her  orbit  is  at  its  superior  limit 
it  will  have  fallen  to  84,000,000,  whilst  her  distance  when  in 
aphelion  will  be  no  less  than  98,000,000.  Hence,  when  the 
eccentricity  is  greatest,  that  hemisphere  which  has  its  winter 
solstice  in  aphelion  will  have  its  winter  longer  than  its 
summer,  not  by  eight,  but  by  thirty-six  days.  The  diredt 
heat  of  the  sun  would  be  one-fifth  less  during  that  season 
than  it  is  at  present.  Hence  there  would  be  greater  facilities 
for  the  accumulation  of  snow  and  ice,  and  less  opportunity 
for  their  disappearance  during  the  summer.  Now  there  is 
perhaps  no  effecSt  which  readts  upon  and  intensifies  its  cause 
so  decidedly  as  do  snow  and  ice.  These  substances,  when 
once  accumulated,  lower  the  temperature  in  various  ways. 
No  matter  what  the  intensity  of  the  sun's  rays  may  be,  the 
temperature  of  ice  and  snow  can  never  rise  above  32**  F. 
"  In  Greenland,"  as  Mr.  CroU  reminds  us,  "  a  country 
covered  with  snow  and  ice,  the  pitch  has  been  seen  to  melt 
on  the  side  of  a  ship  exposed  to  the  direft  rays  of  the  sun, 
while  at  the  same  time  the  surrounding  air  was  far  below 
the  freezing-point."  The  atmosphere  is  chilled  by  contadt 
with  the  snow-covered  ground,  and  is  not  warmed  by  the 
radiation  from  the  sun.  Again,  the  greater  part  of  the  rays 
which  fall  on  snow  and  ice  are  reflected  back  into  space  and 
wasted.  Those  which  are  not  refledted  away  cannot  raise 
the  temperature,  since  they  are  consumed  in  the  mechanical 
work  of  melting  the  ice.  Further,  snow  and  ice  chill  the 
air,  and  condense  its  vapours  in  the  form  of  thick  fogs, 
and  thus  effedlually  screen  themselves  against  the  rays  of. 
the  sun. 
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Now  we  are  well  aware  that  at  present  the  southern 
hemisphere  is  colder  than  the  northern.  **  Sandwich  Land, 
which  is  in  the  same  latitude  as  the  North  of  Scotland,  is 
covered  with  ice  and  snow  the  entire  summer ;  and  in  the 
island  of  South  Georgia,  which  is  in  the  same  parallel  as 
the  centre  of  England,  the  perpetual  snow  descends  to  the 
very  sea-beach.  In  the  Straits  of  Magellan,  lat.  53"*  S.,  the 
diredl  heat  of  the  sun  ought  to  be  as  great  as  that  in  the 
centre  of  England.  Yet  in  the  midst  of  summer,  when 
the  day  was  eighteen  hours  in  length,  the  thermometer 
seldom  rose  above  42"*  to  44**,  and  never  above  51°  F."  Ice- 
bergs 1000  feet  in  height  have  been  sighted  in  latitudes  as 
low  as  37**  S. 

If  we  now  imagine  that  the  earth's  orbit  were  at  present 
about  or  near  its  limit  of  maximum  eccentricity,  the 
southern  hemisphere,  having  its  winter  solstice  in  aphelion, 
would  have  a  summer  too  short,  not  by  eight,  but  by  thirty- 
six  days,  and  would  now  be  suffering  all  the  rigours  of  a 
Glacial  epoch.  Great  part  of  Australia,  New  Zealand, 
South  Africa,  and  of  temperate  South  America,  would  be 
overlaid  with  "  thick-ribbed  '*  ice.  The  region  of  highest 
temperature,  instead  of  lying,  as  now,  near  the  Equator, 
would  be  driven  northwards  as  far,  perhaps,  as  the  tropic  of 
Cancer,  whilst  the  southern  half  of  the  torrid  zone  would  be 
barely  habitable.  Meantime  the  condition  of  the  northern 
hemisphere  would  be  just  the  reverse.  Its  winter  half  year 
would  be  thirty-six  days  shorter  than  the  summer.  Thus 
the  portion  of  the  year  during  which  snow  and  ice  could 
accumulate  would  be  largely  abridged.  Every  season  would 
see  a  decrease  in  the  circumpolar  ice-mass,  and  a  corre- 
sponding quantity  of  the  sun's  rays,  no  longer  wasted  in 
thawing  snow,  would  be  available  for  raising  the  general 
temperature  of  the  ardlic  regions. 

A  natural  result  would  be  that  trees  such  as  now  flourish 
in  Central  Europe,  would  grow  in  Greenland  and  Spitzbergen 
— as  has  been  the  case  aforetime — whilst  Western  Europe 
would  display  a  vegetation  of  a  semi-tropical  charadler. 
A  great  period  of  this  kind,  when  a  high  eccentricity  of  the 
earth's  orbit  will  produce  Glacial  epochs  alternately  in  the 
northern  and  southern  hemispheres,  awaits  us  in  the  remote 
future.  "  It  consists  of  three  maxima,  one  hundred 
thousand  years  apart*  These  will  occur  at  the  periods 
800,000,  900,000,  and  1,000,000  years  to  come." 

It  is  interesting  to  examine  how  far  this  view  of  a  Glacial 
epoch,  successively  invading  either  hemisphere,  harmonises 
.with  certain  suggestive  speculations   put  forward  by  Mr. 
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Belt  in  his  delightful  "  Naturalist  in  Nicaragua."  *  This 
eminent  investigator  urges  that  in  a  Glacial  epoch  a  vast 
proportion  of  water  must  have  been  piled  up  upon  the 
continents  in  the  shape  of  ice  and  snow ;  that  the  level  of 
the  ocean  must  have  been  thus  greatly  lowered,  and  that 
wide  territories,  now  submerged,  must  have  been  the  homes 
of  man,  and  of  organic  life  in  general.  By  this  assumption 
he  explains  certain  points  in  the  migrations  and  distribution 
of  plants  and  animals,  and  throws  a  light  upon  the  deluges 
of  the  ancient  world,  and  upon  the  myth  of  Atlantis. 

According  to  Mr.  Croll,  a  vast  amount  of  water  would, 
indeed,  be  accumulated  in  the  solid  form  in  the  glaciated 
hemisphere.  He  considers  that  even  now  the  "antardlic 
ice-cap  '*  extends  from  the  pole  down  to  lat.  70°  S.,  being 
2800  miles  in  diameter.  The  whole  of  this  region,  he 
concludes,  is  covered  "with  a  continuous  sheet  of  ice 
gradually  thickening  inwards  from  its  edges  to  its  centre. 
A  slope  of  one  degree,  continued  for  1400  miles,  will  give 
twenty-four  miles  as  the  thickness  of  the  ice  at  the  pole. 
But  suppose  the  slope  of  the  upper  surface  of  the  cap  to  be 
only  one-half  this  amount,  viz.,  a  half  degree — and  we  have 
no  evidence  that  a  slope  so  small  would  be  sufficient  to 
discharge  the  ice — still  we  have  twelve  miles  as  the 
thickness  of  the  cap  at  the  pole."  As  there  are  in  the 
southern  ocean  icebergs  above  a  mile  in  thickness,  the  great 
antarcStic  ice-cap  must  be  in  some  places  over  a  mile  in 
thickness  at  its  very  edge !  Were  one  mile  of  ice  melted  off 
the  whole  extent  of  this  southern  cap,  it  would  raise  the 
general  level  of  the  ocean  200  feet  I 

If  the  ice-mass  at  the  South  Pole  is  at  present  so 
enormous,  what  must  the  amount  have  been  surround- 
ing the  pole  of  a  glaciated  hemisphere?  Mr.  Croll 
does  not,  however,  consider  that  the  total  amount  of  ice 
upon  the  earth's  surface  during  a  Glacial  epoch  could 
be  greatly  in  excess  of  what  it  is  at  present.  He  holds  that 
what  is  now,  with  some  approach  to  equality,  distributed 
between  both  poles,  was  then  accumulated  around  one. 
The  effedt  of  this  upon  the  general  level  of  the  ocean  would 
depend  not  so  much  upon  the  direft  decrease  of  water  owing 
to  its  being  converted  into  ice,  as  to  an  indirecSt  acStion. 
Remove  all  the  ice  from  one  pole  and  transfer  it  to  the 
other,  and  you  affedl  the  centre  of  gravity  of  the  globe. 
Two  miles  of  ice  withdrawn  from  the  southern  circumpolar 
continent  would  displace  the  earth's  centre  of  gravity  by 

*  Quarterly  Journal  of  Science,  vol.  iv.,  p.  320. 
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igo  feet.  If  one-half  of  this  mass  were  further  added  to 
that  existing  at  the  North  Pole,  an  additional  displacement 
of  95  feet  would  ensue,  making  a  total  of  285  feet.  The 
immediate  result  of  this  would  be  a  rise  of  the  sea  level  in 
the  northern  hemisphere — which  in  the  latitude  of  Edin- 
burgh would  amount  to  234  feet — and  a  corresponding  fall 
of  the  sea  level  and  laying  bare  of  lands  now  submerged  in 
the  southern  hemisphere.  The  removal  of  12  miles  of  ice 
from  the  South  Pole  would  effect  in  the  latitude  of  Edin- 
burgh a  rise  of  the  sea  to  the  height  of  800  to  1000  feet 
above  its  present  level.  This  is  on  the  supposition  that  the 
interior  of  the  earth  is  solid  to  the  centre.  If  it  be  fluid, 
the  displacement  of  the  centre  of  gravity  and  the  consequent 
modification  of  the  sea  level  would  be  much  greater. 

Both  Mr.  Croll  and  Mr.  Belt,  then,  agree  that  the  occur- 
rence of  a  Glacial  epoch  must  greatly  afiPedl  the  distribution 
of  land  and  water,  and  might  easily  produce  cataclysms, — 
in  case,  for  instance,  that  ice-masses  melted  away  very 
rapidly,  and  especially  if  they  disappeared  more  quickly  in 
one  locality  than  they  formed  in  another.  Mr.  Croll — 
though  he  does  not  enter  at  length  into  this  matter — admits 
that  the  withdrawal  of  the  water  from  shallow  seas  would 
connedl  lands  now  isolated,  and  allow  of  the  migration  of 
plants  and  animals  from  one  continent  to  another,  or  from 
continents  to  what  are  now  islands.  The  depth  of  Behring's 
Straits  does  not  exceed  30  fathoms.  A  lowering  of  the 
ocean  level  in  the  northern  hemisphere  to  the  extent  of 
200  feet  would  therefore  connedl  the  Old  and  New  Worlds, 
and  allow  of  an  interchange  both  between  their  plants  and 
their  animals.  Such  a  lowering  could  only  occur  when  the 
southern  hemisphere  was  glaciated,  and  the  northern  was 
enjoying  its  warm  interglacial  period.  Consequently  organic 
forms,  now  only  found  in  the  temperate  regions  of  Asia, 
would  press  on  into  Siberia,  cross  the  bridge,  and  establish 
themselves  in  America,  where,  when  the  temperature  be- 
came less  genial,  they  would  gradually  migrate  southwards. 
Similarly  in  Europe,  during  the  interglacial  period,  England 
would  be  part  aijd  parcel  of  the  Continent,  and  the  beds  of 
the  North  Sea  and  the  Channel  would  be  dry  land.  Hence 
animals  of  southern  regions  were  enabled  to  enter  Britain, 
and  have  left  their  fossilised  bones  in  proof  of  their  former 
presence.  The  existence  of  closely  allied  or  identical  forms 
in  countries  now  separated  by  wide  seas,  has  led  some 
naturalists  to  the  assumption  of  a  double  origin,  whether  by 
special  creation  or  by  development — a  view  for  which  there 
is  now  no    necessity.      It  is  a   remarkable    fa£l,   easily 
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understood  on  the  supposition  of  such  changes  of  sea  level, 
that  the  animal  population  of  two  neighbouring  countries 
separated  by  the  sea  is  more  evidently  unlike  in  proportion 
as  such  sea  is  deeper.  No  probable  alteration  of  sea  level 
is  likely  to  have  established  a  bridge  between  Africa  and 
Madagascar.  Consequently  we  discern  in  their  mammals, 
and  even  in  their  inse(5ts,  the  most  remarkable  discrepancy. 
Not  one  of  the  monkeys,  the  cats,  or  the  antelopes,  in  which 
Africa  is  so  rich,  has  been  found  in  its  island  neighbour. 
Both  territories  are  rich  in  Cetonias,  but  the  species  of 
South-Eastem  Africa  are  not  the  same  as  those  found  on 
the  opposite  shore  of  the  Channel  of  Mozambique. 

One  of  the  most  interesting  fa(5ts  in  animal  geography  is 
the  existence,  in  southern  temperate  regions,  of  forms  which 
belong  to  the  northern  temperate,  or  even  the  subardtic 
zone.  Conversely  a  few  species  from  extreme  southern 
regions  have  reached  northern  temperate  climates.  The 
question  has  therefore  been  asked  by  Mr.  Belt  and  others* 
how  the  plants  and  animals  of  temperate  or  ardlic  climates 
could  cross  the  Equator  in  their  migrations  from  one  hemi- 
sphere to  the  other?  The  Alternate  occurrence  of  a  glacial 
period  in  either  hemisphere  solves  the  problem,  as  was,  in 
faft,  pointed  out  by  Mr.  Darwin.  Suppose  a  cold  period 
prevailing  in  the  northern  hemisphere  and  a  warm  one  in 
the  southern,  both  at  their  maximum  intensity.  The 
thermal  equator,  instead  of,  as  at  present,  approximately 
coinciding  with  the  geographical  equator,  would  be  driven 
southwards  to — or  perhaps  beyond — the  tropic  of  Capricorn, 
whilst  the  northern  half  of  the  torrid  zone  would  experience 
a  temperate,  or  perhaps  even  ar(5tic  climate.  That  such  a 
state  of  things  has  adlually  prevailed  in  inter-tropical 
regions,  and  tliat  indubitable  marks  of  glaciation  exist  at 
comparatively  low  levels  in  Central  America,  has  been  fully 
shown  by  Mr.  Belt.  The  animals  and  plants  of  northern 
extra-tropical  regions  would  then  easily  manage  to  reach 
the  geographical  equator.  When,  again,  the  glacial  period 
of  the  northern  hemisphere  began  to  relax  and  the  thermal 
Equator  returned  gradually  towards  its  normal  position, 
these  organic  forms  would  take  refuge  on  the  mountains, 
thence  to  re-descend  and  continue  their  southward  journey, 
when  the  region  of  greatest  heat  had  passed  to  the  north- 
wards. For  a  more  detailed  exposition  of  this  process  the 
reader  may  consult  Darwin's  "Origin  of  Species"  (sixth 
edition,  p.  339). 
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The  differences  of  view  between  Mr.  Belt  and  Mr.  CroU  may 
be  summed  up  as  follows : — The  former  ascribes  the  former 
emergence  of  regions  now  under  water  to  the  general 
decrease  of  the  amount  of  water  present  in  a  fluid  state, 
while  the  latter  attributes  the  same  phenomenon  to  the 
accumulation  of  water  in  the  glaciated  hemisphere.  Mr. 
Belt  considers  that  low-lying  lands  might  be  left  bare  in  the 
immediate  vicinity  of  glaciated  regions — e,g.  territories  now 
covered  by  the  Caribbean  Sea  during  the  glaciation  of 
Central  America — and  might  serve  as  a  refuge  for  tropical 
forms  of  organic  life.  Mr.  CroU,  on  the  contrary,  holds 
that  the  sea  can  only  recede  in  the  non-glaciated  hemi- 
sphere, and  must  of  necessity  rise  in  the  glaciated  above  its 
present  level.  Finally,  as  is  implied  in  the  foregoing 
remarks,  Mr.  Belt  assumes — if  we  do  not  misunderstand 
him — that  a  Glacial  epoch  might  simultaneously  invade 
both  hemispheres,  whilst  if  Mr.  Croll's  hypothesis  is  well- 
founded,  it  is,  of  necessity,  limited  to  one. 

Both  these  authors  consider — and  we  must  admit  that  in 
so  doing  they  are  warranted  by  fadts — that  of  the  evident 
alternations  of  land  and  sea  noticed  even  by  Ovid,  many 
have  been  caused  by  a  local  increase  or  decrease  of  the 
depth  of  the  latter.  But  neither  of  them  asserts  that  all 
such  changes  are  to  be  ascribed  to  this  cause,  or  denies  the 
existence  of  those  areas  of  elevation  and  of  subsidence  to 
which  Mr.  Darwin  draws  attention  in  his  "Naturalist's 
Voyage."  The  question  is  one  which  can  be  settled  by 
careful  observation.  If  we  find  that  the  sea  gains  upon  the 
land  simultaneously  throughout  the  whole  of  one  hemi- 
sphere, most  markedly  in  high  latitudes,  and  to  a  less  and 
less  extent  as  we  approach  the  Equator,  we  should  then  be 
warranted  in  concluding  that  the  encroachment  was  due  to 
an  increasing  accumulation  of  water  in  that  hemisphere. 
But  if  we  observe  the  land  in  South  America  gradually 
rising  higher  and  higher  out  of  the  water,  whilst  in  certain 
of  the  South  Sea  islands  it  is  gradually  sinking,  we  should 
then  be  justified  in  seeking  the  cause  in  the  crust  of  the 
earth,  and  in  pronouncing  South  America  an  area  of 
elevation  and  the  Pacific  Isles  an  area  of  subsidence. 

Incidentally  we  have  referred  to  the  theory  of  M. 
Adh^mar.  This  author  seems  to  have  been  the  first  who 
pointed  out  the  possible  displacement  of  the  earth's  centre 
of  gravity  by  means  of  an  ice-cap  accumulating  on  either 
pole.  But  he  supposes  this  cap  to  rest,  not  upon  circum- 
polar  land,  but  upon  the  bottom  of  the  sea,  and  to  attain  the 
height  not  of  iz  or  24  miles,  as  Mr.  Croll  supposes,  but  of 
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60  !  Bach  hemisphere,  he  assumes,  is  in  turn  colder 
and  warmer.  The  sea  retires  on  the  warm  hemisphere, 
where  the  ice-cap  is  decreasing,  and  gains  ground  on  the 
colder  hemisphere,  where  ice  is  accumulating.  In  a  period 
of  10,000  years  the  conditions  are  reversed,  the  reversal 
being  not  incidentally,  but  inevitably  attended  with  a 
universal  deluge.  The  last  catastrophe  of  this  kind  was 
the  Noachian  flood,  when  the  great  ice-cap  then  existing 
on  the  North  Pole  collapsed,  and  the  preponderating 
amount  of  water  previously  colledled  in  the  northern  hemi- 
sphere rushed  across  the  globe  to  its  present  position  in  the 
south.  On  this  hypothesis  the  southern  ice-cap  will 
continue  to  increase  for  about  another  thousand  years  from 
the  present  date,  whilst  the  southern  hemisphere  becomes 
still  colder,  and  the  sea  gains  ground  upon  the  land.  At 
the  expiration  of  that  time  the  process  is  reversed;  the 
southern  ice-cap  begins  to  decrease,  and  its  northern 
antagonist  to  preponderate.  The  maximum  amount  of 
water  recedes  from  the  southern  hemisphere  and  encroaches 
upon  the  land  in  the  north.  Finally,  when  10,000  years 
from  the  days  of  Noah  have  expired,  and  when  the  winter 
of  the  southern  hemisphere  approaches  perihelion,  "  the 
ice  grows  soft  and  rotten  from  the  accumulated  heat,  the 
sea  begins  to  eat  into  the  base  of  the  cap,  which  is  so 
undermined  as  to  be  left  standing  upon  a  kind  of  gigantic 
pedestal.  This  disintegrating  process  goes  on  till  the  fatal 
moment  at  length  arrives,  when  the  whole  mass  tumbles 
down  into  the  sea  in  huge  fragments,  which  become  floating 
icebergs.  The  attraftion  of  the  opposite  ice-cap,  which 
has  by  this  time  nearly  reached  its  maximum  thickness, 
becomes  now  predominant.  The  earth's  centre  of  gravity 
suddenly  crosses  the  plain  of  the  Equator,  dragging  the 
ocean  with  it,  and  carrymg  death  and  dcstru(5tion  to  every- 
thing on  the  surface  of  the  globe." 

We  need  scarcely  say  that  this  theory  harmonises  ill  with 
positively  established  fadls  in  physics,  climatology,  geolog}% 
and  animal  geography.  We  have  no  evidence  that  all  land 
animals  and  plants  have  been  periodically  eradicated  every 
10,000  years.  We  have  proof — almost,  if  not  quite,  absolute 
— that  certain  parts  of  the  earth's  surface  at  no  extra- 
ordinary altitude,  have  not  been  submerged  for  a  length  of 
time  greater  than  this  theory  would  imply.  We  have  good 
evidence  that  the  polar  caps  rest,  not  upon  the  bottom  of 
the  sea,  but  upon  land,  and  we  consider  that  in  the  former 
case  the  probability  of  their  melting  away  and  breaking  up 
would  be  but  slender.     In  short,  this  theory  may  be  held  up 
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as  a  warning  to  mathematicians  who  persist  in  rearing  up 
imposing  superstrudlures  upon  imaginary  data.  That  the 
respedtive  distribution  of  land  and  sea  in  the  two  hemi- 
spheres may  have  fludtuated  greatly  from  changes  in  the 
earth's  centre  of  gravity,  and  that  partial  and  even  extensive 
deluges  may  have  occurred,  is  a  perfectly  reasonable 
supposition. 


V.    DIFFICULTIES    OF    "DARWINISM." 

^  ''  UCH  of  the  unprofitable  ink-shed  by  which  the  so- 
^J^^i^  called  "  Darwinian  controversy  "  has  been  obscured 
has  sprung  from  the  negledt  of  a  very  plain  dis- 
tinction. Evolution  —  the  gradual  mutation  of  organic 
forms  in  accordance  with  definite  laws,  and  the  consequent 
origin  of  what  we  call  "  species  " — may  be  a  fadt,  as  the 
writer  is  by  no  means  disposed  to  question.  But  its  truth 
does  not  necessarily  involve  the  truth  of  the  dodtrine  com- 
monly known  as  "  Natural  Seledtion."  It  may  yet  be 
shown  that  this  theory,  supplemented  by  Sexual  Seledlion, 
will  account  for  all  the  unsolved  mysteries  of  the  organic 
world.  Or  it  may — and  probably  will — be  found  that  we 
require  the  aid  of  some  law  of  a  higher  order,  defining  the 
limits  and  the  conditions  under  which  the  great  task  of  Evo- 
lution is  carried  out.  Or,  lastly,  it  is  by  no  means  impossible 
that  the  entire  theory  of  Natural  Seledlion  may  have  to  be 
thrown  aside.  Its  future  depends  simply  on  its  power  of 
explaining  fadls.  So  long  and  so  far  as  it  is  able  to  do  this, 
it  is  our  duty  to  follow  it.  But  if  we  find  it  fail  us,  we  must 
be  prepared  either  to  supplement  it  with  some  more  efficient 
conception  or  to  abandon  it  altogether.  It  is  with  a  view  of 
testing  this  theory  that  the  following  nuces  zoologies  are  sub- 
mitted to  the  world.  The  writer  does  not  hold  that  they 
can  be  more  fully  solved  on  the  hypothesis  of  distindl  and 
special  creation  than  that  of  Evolution.  But  the  reverse 
ought  to  hold  good.  Unless  a  new  dodlrine  does  us  better 
service  than  the  old  one,  how  is  it  to  be  legitimated  ? 

Let  us  first  examine  the  colouration  of  animals,  and  con- 
sider in  how  far  it  can  be  accounted  for  by  Natural  Seledlion 
supplemented  by  Sexual  Seledlion.  In  the  Mammalia  the 
first  point  which  strikes  us  is  the  very  limited  range  of 
colour  which  they  possess.   We  question  if  a  single  instance 
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of  a  true  prismatic  shade  can  be  shown  in  the  whole  class. 
The  reds  found  in  certain  ruminants — e.g.,  in  domestic 
cattle — are  merely  reddish-browns.  The  yellows  and  oranges 
of  the  cats,  the  fox,  and  the  jackal,  are  simply  buffs  or  cuirs 
— "  cures  "  as  the  English  dyers  call  them.  Oken,  in  his 
great  work,  concluded  a  chapter  on  the  Races  of  Mankind 
by  asking  why  there  were  no  green  or  blue  men?  His 
question  was  received  with  a  somewhat  gratuitous  amount 
of  ridicule, — certainly  the  easiest,  if  not  the  most  satisfac- 
tory, way  of  disposing  of  it.  But  it  may  surely  be  asked 
why  there  are  no  green  or  blue  mammalian  species  ?*  In 
beasts,  again,  iridescent  colours — so  common  in  other  de- 
partments of  the  animal  creation — are  wanting,  save  in  the 
golden  mole  of  Siberia.  We  find  no  other  case  where  the 
fur  of  a  beast  displays  different  colours  according  to  the 
position  from  which  it  is  viewed.  Nor  is  there  any  near 
approach  to  the  metallic  brilliance  so  commonly  met  with 
amongst  birds,  reptiles,  and  insedls.  The  prevailing  garb 
of  beasts  may,  in  short,  be  charadlerised  as  monotonous, 
flat,  and  sombre  in  its  tones ;  nor  is  the  pattern  or  design  in 
which  the  colours  are  arranged  much  more  striking  than  the 
shades  themselves.  The  majority  of  species  are  either  con- 
colourous  or  irregularly  blotched  and  clouded.  Even  the 
zebra,  the  striped  and  spotted  cats,  and  the  spotted  deer 
display  nothing  which  can  be  brought  into  comparison  with 
the  elaborate  and  delicate  designs  found  in  birds  and  insedls. 
Whence,  then,  comes  the  difference  ?  Not,  surely,  from  any 
distin(5tion  in  the  diet  of  the  two  classes.  There  is  no 
article  of  food  used  by  birds  which  is  not  also  eaten  by  some 
beasts.  The  hair,  fur,  and  bristles  of  beasts  cannot  be  said 
to  differ  chemically  from  the  feathers  of  birds,  so  that  we 
can  see  no  reason  why  the  one  material  should  not  display 
the  same  colours  as  the  other.  The  old  school  of  Natural 
History  would  cut,  rather  than  untie,  the  knot,  by  referring  all 
to  the  "  sic  volo,  sicjubeo  "  of  the  Creator ;  but,  without  in  the 
least  questioning  the  existence  of  a  superintending  Intelli- 
gence, we  cannot  regard  such  an  explanation  as  scientific  :  it 
amounts  to  little  more  than  the  well-known  domestic  argument 
— "  It  is  because  it  is."  What,  then,  can  Evolutionism — as 
at  present  understood — do  towards  solving  the  difficulty  ? 
Certain  points  connedted  with  the  colouration  of  animals 
it  has  explained  with  no  small  felicity ;  it  has  shown  that 
the  uniform  tawny  hue  of  the  lion,  resembling  the  soil  of 

*  Meaning,  of  course,  species  with  blue  or  green  fur,  hair,  or  bristles.  The 
blueness  of  the  nose  in  certain  baboons  can  scarcely  be  taken  into  account 
here. 
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the  deserts  which  he  inhabits,  screens  him  from  the  observa- 
tion of  his  intended  prey ;  it  has  pointed  out  that  the  tiger, 
lurking  amidst  the  perpendicular  stems  of  reeds,  flags,  and  high 
grasses,  is  concealed  by  his  vertical  stripes.  On  the  other 
hand,  the  rosettes  and  ocellated  spots  of  the  leopard,  and 
other  truly  arboreal  cats,  are  equally  well  adapted  for  hiding 
them  amidst  the  foliage  of  trees.  But  surely  the  concealment 
of  these  latter  species  would  have  been  still  more  complete 
had  their  ground-colour  been  some  shade  of  green  instead  of 
buff,  or  stone-colour,  as  we  adtually  find  it.  If  Natural  Selec- 
tion gave  them  their  rosettes,  why  did  it  not  adl  further  in  the 
same  diredlion,  and  assimilate  them  to  their  haunts,  not 
merely  in  design,  but  in  colour  ?  There  are,  also,  several 
species  of  beasts,  frequenting  grassy  plains,  which  would 
have  been  much  less  conspicuous,  and  would  have  more 
readily  escaped  the  observation  of  their  enemies,  had  their 
colour  approximated  to  that  of  the  surfaces  around  them. 

The  zebra  is,  in  colouration  and  design,  very  similar  to 
the  tiger, — a  resemblance  which  Swainson  accounts  for  by 
declaring  them  both  eminently  sub-typical  forms  of  their 
respeftive  groups,  as  shown  by  their  fierce  and  untameable 
dispositions.  That  the  stripes  of  the  tiger  favour  it  in 
escaping  the  notice  of  its  destined  prey,  and  that  they  are 
therefore  explicable  on  the  principle  of  Natural  Seleftion,  is 
admitted.  But  is  the  zebra,  when  grazing,  screened  in  the 
same  manner  from  the  observation  of  an  approaching 
enemy  ?  He  frequents  pastures  similar  in  their  general 
charafter  to  those  sought  by  the  concolourous  horse  and 
ass,  and  by  the  very  imperfedtly  striped  quagga.  When 
feeding,  further,  he  stands  so  much  higher  than  a  crouching 
tiger  that  he  would  be  hidden  only  among  very  lofty  reeds 
or  grasses.  Moreover,  it  may  be  remembered  that  a  troop 
of  zebras,  when  pasturing,  generally  have  a  sentinel  placed 
in  some  suitable  position,  who  warns  his  comrades  if  he  ob- 
serves anything  of  a  suspicious  nature.  He  has,  therefore, 
less  need  of  a  colouration  calculated  to  mislead  an  enemy. 

The  pattern  of  the  giraffe  somewhat  resembles  that  of  the 
leopard,  but  it  is  very  questionable  in  how  far  it  can  promote 
his  safety.  He  browses,  indeed,  upon  the  lower  branches 
of  trees  in  the  outskirts  of  woods ;  but  this  is  surely  a  very 
different  position  from  that  of  the  arboreal  cats  crouched 
aloft  among  the  dense  foliage.  Even  where  his  body  is  par- 
tially masked  by  bushes  with  which  his  spotted  hide  ms^y 
harmonise,  his  long  neck  is  very  likely  to  attradl  attention. 
We  can  scarcely  consider  that  either  the  zebra  or  the  giraffe 
is  a  case  of  "  mimetism."    The  rough  resemblance  of  the 
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former  to  the  royal  tiger  could  have  no  deterrent  effect  upon 
lesser  beasts  of  prey  in  a  country  like  Africa,  where  the 
scourge  of  India  is  unknown.  The  general  strudture  of  the 
giraffe  differs  far  too  widely  from  that  of  the  leopard  to 
admit  of  the  one  being  mistaken  for  the  other.  But  we 
may  even  feel  some  doubt  whether  a  concolourous  animal  is 
more  easily  seen  than  one  that  is  striped,  spotted,  or  clouded. 
No  animal  presents  such  a  vast  extent  of  self-coloured  sur- 
face as  does  the  elephant ;  ^et  all  eastern  sportsmen  admit 
that,  whether  escaping  or  acting  on  the  offensive,  he  has  a 
wonderful  power  of  remaining  unseen  at  remarkably  short 
distances.  We  must,  therefore,  I  think,  admit  that  in  the 
colouration  of  the  Mammalia  there  are  points  which  cannot 
be  explained  by  the  doftrine  of  Natural  Seledtion. 

Passing  to  the  great  class  of  birds,  we  find,  as  regards 
colour,  the  most  complete  difference.  In  place  of  the 
poverty  of  tone  and  design  chara(5terising  the  Mammalia, 
we  have  here,  probably,  every  conceivable  colour,  and  pat- 
terns the  most  elaborate.  Why  such  meagreness  on  the 
one  hand,  and  such  prodigality  on  the  other  ?  Is  it  in 
virtue  of  Natural  Seledtion  ?  We  are  certainly  warranted 
in  assuming  that  a  coat  of  many  colours  may  draw  upon 
either  bird  or  beast  the  observation  of  its  enemies.  We 
may  think  that  the  bird,  having  the  power  of  flight,  can 
more  readily  escape  from  its  pursuers,  and  can  thus-pif  we 
may  use  the  expression — afford  to  be  more  showy.  But  in 
many  gaily  clad  birds  the  power  of  flight  is  so  limited  as  to 
afford  them  small  protection  against  carnivorous  beasts  and 
reptiles.  Birds,  too,  are  more  exposed  to  the  attacks  of 
eagles,  hawks,  and  other  predatory  members  of  their  own 
class,  than  are  any — save  the  veiy  smallest — beasts.  So 
.that  we  may  well  doubt  if  the  feathered  species  do  really 
enjoy  any  greater  immunity  from  danger  than  do  Mammalia. 
Nor  must  we  overlook  the  fadl  that  the  winged  mammals, 
the  bats,  are  sufficiently  sombre  in  their  attire.  Is  it  Sexual 
Seledtion  ?  We  may  suppose  that  hen  birds  seledl  mates  of 
the  richest  plumage,  whilst  female  beasts  display  no  such 
preference.  But  then  comes  the  question — Why  is  there 
such  a  difference  of  taste  between  the  two  great  classes  of 
warm-blooded  vertebrates  ?  To  this  question  it  is  difficult  to 
retiirn  any  answer  which  is  not  substantially  a  reference  to 
some  inscrutable  decree  of  the  Creator.  But  there  is  the 
further  difficulty  that  all  birds  do  not  display  splendid  hues 
and  exquisite  designs  ;  many  species  are  as  dull  and  plain 
as  the  beasts  of  the  field. 

It  is  impossible  to  deny  that  the  plumage  of  the  Raptore3 
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bears,  in  colour  and  design,  a  manifest  resemblance  to  the 
fur  of  the  Felidse.  There  are  the  same  blacks  and  deep 
browns,  on  grey,  buff,  or  stone-coloured  grounds ;  there  is 
the  same  general  tendency  to  bars  and  spots.  Now  whilst 
admitting  that  patterns  of  this  nature  may  aid  in  the  con- 
cealment of  cats  lurking  in  a  forest,  they  can  have  no  such 
beneficial  eifedt  in  hawks  soaring  in  the  open  air,  and  seen 
in  relief  against  the  sky ;  nor  can  much  stress  be  laid  on  the 
fa<5t  that  this  spotted  plumage  may  withdraw  female  birds  of 
prey  from  observation  whilst  sitting  on  their  eggs.  The 
nest  is  generally  placed  in  situations  not  easily  accessible  to 
any  creature  except  birds ;  and  few  of  these,  indeed,  will 
care  to  disturb  a  hawk  or  eagle  in  the  adl  of  incubation. 

Passing  over  the  reptiles,  amphibians,  and  fishes,  let  us 
next  look  at  the  distribution  of  colour  among  insedls.  Here 
we  are  met  by  puzzles  not  a  few.  Natural  Seledlion,  Sexual 
Sele<5lion,  and  Mimetism  have  indeed  thrown  a  welcome — 
and  often  a  startling — light  upon  many  difficulties,  but  they 
have  left  at  least  as  many  unsolved.  In  butterflies,  design 
may  be  said  to  have  reached  its  summit.  But  to  what  end  ? 
It  is  impossible  to  conceive  that  all  these  exquisite  and 
elaborate  patterns — the  admiration  and  envy  of  human 
artists — can  serve  in  any  way  to  promote  the  safety  of  the 
insedl,  or  to  secure  its  well-being ;  nor  can  we  think  that 
they  are  needed  for  the  mutual  attradlion  of  the  sexes.  If  it 
were  really  necessary  for  either  purpose  we  might  ask  again. 
Why  have  butterflies — or  at  least  Lepidoptera  in  general — 
the  monopoly  of  this  kind  of  beauty?  For  it  is  singular 
that,  though  colours  even  more  brilliant  occur  among  beetles 
and  certain  Heteroptera,  and  though  there  is  in  a  lesser 
extent  brilliance  of  hue  among  the  remaining  inse(5l  orders, 
down  to  the  very  Diptera, — the  pariahs  of  annulose  life, — 
yet  in  design  the  Lepidoptera  stand  in  all  Nature  alone  and 
unapproachable. 

The  colouration  of  beetles  has  also  its  difficulties.  Among 
them  we  find  metallic  and  iridescent  shades  in  abundance, 
and  in  a  perfection  certainly  rivalling,  if  not  surpassing, 
those  of  the  most  splendid  birds  and  butterflies.  But  the 
following  tones  are  rare,  if  not  altogether  wanting : — Pinks, 
roses,  lilacs,  peaches,  pale  blues,  pale  greens,  lavenders. 
On  the  other  hand,  deep  reds,  purples,  violets,  golden  and 
coppery  greens,  deep  blues  (verging  both  to  the  violet  and 
the  green),  yellows,  and  oranges  abound.  Elaborate  pat- 
terns are  rare,  the  nearest  approach  to  the  beauty  of  the 
butterflies  in  this  direftion  being  found  among  the  Cicin- 
delidse,  the  Longicornes,  and  the  Curculionidae.     But  the 
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colours  in  many  species,  even  where  not  iridescent,  shade 
gradually  away  from  one  tone  to  another. 

It  is  scarcely  possible,  with  any  degree  of  plausibility,  to 
harmonise  these  charafteristic  features  with  the  laws  of 
Natural  or  of  Sexual  Selection.  In  some  cases  the  colours 
of  a  species  seem  exa(5lly  calculated  to  betray  it  to  its 
enemies,  or  make  known  its  approach  to  its  intended  prey. 
Take,  for  instance,  Calosoma  sycophanta.  You  see  it  running 
about,  in  the  full  light  of  day,  on  the  bare,  sandy  soil  of  a 
pine-forest,  or  scaling  the  trunks  of  the  trees  in  search  of 
booty.  Its  broad  elytra  flash  with  golden-green,  changing 
to  an  orange-scarlet,  to  which  its  blue-black  thorax  forms  a 
striking  contrast.  It  would  be  difficult  to  seledl  an  arrange- 
ment of  colour  which,  under  the  circumstances,  would  be 
more  conspicuous.  Or,  again,  if  a  mass  of  the  dung  of  the 
horse  or  cow  be  turned  over,  it  will  generally  be  found  full 
of  Aphodii.  Some  of  these  have  reddish,  some  brownish, 
and  others  grey  elytra, — all  strongly  reminding  the  observer 
of  half-digested  seeds.  These  colours  must,  therefore, 
attradt  the  attention  of  domestic  fowls  and  other  birds 
which  love  to  scratch  and  peck  in  dung.  Yet  these  very 
species  which  thus  attra(5l  the  attention  of  their  enemies 
are  the  most  common.  All  these  fadts  do  not  accord  well 
with  the  law  of  Natural  Seledtion.  How,  again,  are  we  to 
explain  the  colours  of  the  Geotrupes  and  Onthophagi  of  this 
country,  and  especially  of  the  Phancei  of  Mexico  and  Central 
America  ?  These  creatures  fly  by  night,  and  in  the  day 
lurk  chiefly  in  dung,  or  tunnel  into  the  earth  beneath  it ; 
yet  they  display  a  rich  array  of  golden-greens,  violets, 
purples,  and  bronzes. 

We  have  already  referred  to  the  rarity  or  total  absence  of 
certain  colours  among  beetles  ;  yet  to  some  of  them — as  the 
flower- haunting  Cetonias — these  very  hues  would  seem  de- 
sirable. Pink,  lilac,  rose,  and  peach-coloured  flowers  are 
numerous ;  why,  then,  are  these  colours  so  rare  amongst 
honey-loving  insedls  ? 

The  predominant  hues  among  the  Hymenoptera  are 
yellow,  orange,  brown,  and  black,  or,  on  the  other  hand, 
deep  metallic  blue  and  purple.  Why  this  limitation  ? 
These  colours  are  scarcely  the  best  adapted  for  the  conceal- 
ment of  the  insedls  amongst  flowers  and  leaves. 

But  it  is  not  merely  in  colour  and  design  that  animals  ex- 
hibit charafteristics  not  readily  explained  on  the  principles 
of  Natural  Seleftion  and  Sexual  Seleftion.  There  are  also 
peculiarities  of  strufture.  We  must  here  especially 
call  attention  to  the  Dynastidae.    These  huge  beetles  are 
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remarkable  for  protuberances  which  in  colloquial  phrase 
are  known  as  horns.  The  parts  in  question  differ  most  es- 
sentially from  the  horns  of  Mammalia :  they  are  integral 
portions  of  the  skeleton,  and,  instead  of  being  confined  to 
the  head,  they  are  in  many — iif  not  in  most — cases  develop- 
ments of  the  thorax,  a  part  analogous  to  the  shoulders  and 
upper  portion  of  the  back  in  vertebrate  animals.  Hence 
they  are  incapable  of  motion,  except  in  common  with  the 
entire  body  of  the  insedt :  they  are  so  far  sexual  in  charafter 
that  they  are  almost  confined  to  the  males,  and  they  vary 
exceedingly  in  magnitude  among  individual  specimens  of 
one  species  found  in  the  same  locality.  If  their  presence  is 
to  be  explained  by  Natural  Seledlion  they  must  have  some 
reference  to  the  habits  and  fun(5lions  of  the  inse(5t.  But  to 
what  habits  or  functions  ?  They  are  evidently  not  organs 
of  sensation ;  as  little  can  they  serve  in  procuring  food. 
For  weapons — either  against  enemies  of  the  same  or  of 
different  species — they  are  not  adapted,  in  some  cases  by 
reason  of  their  position  and  direction,  and  in  all  by  their 
very  imperfedt  mobility.  As  to  locomotion,  they  must  be 
rather  an  impediment  than  an  aid.  Imagine  an  inse(5t 
boring  into  mould  or  decayed  wood,  creeping  under  fallen 
trees,  or  through  twigs  and  the  roots  of  herbage,  whilst  en- 
cumbered with  horns  like  those  of  HopliUs  Pan,  Dynastes 
dichotomus,  or  the  Golofa.  In  short,  we  are  unable  to  con- 
ceive what  purpose  they  serve.  We  find  promiscuously 
individuals  with  highly  developed  horns,  and  others  in  which 
these  parts  are  almost  obsolete.  Nor  can  we  say  that  either 
kind  appears  to  have  any  advantage  over  the  other.  If, 
e.  g.,  we  examine  a  plot  of  ground  in  Central  or  Southern 
Europe  where  the  spent  bark  from  tanneries  has  been  depo- 
sited, we  shall  find  male  specimens  of  Oryctes  nasicornis  with 
large  and  with  small  horns,  respectively  in  about  equal 
numbers.  Now  if  any  decided  benefit  accrued  from  either 
conformation  we  might  expedl  that  it  would  rapidly  prepon- 
derate, and  that  the  other  form  would,  in  the  course  of 
Natural  Seledtion,  have  become  rare,  or  be  eliminated  alto- 
gether. Similarly,  if  the  large-homed  males  were  regarded 
with  especial  favour  by  the  females,  we  should  anticipate 
that  the  small-horned  type  would  gradually  disappear  by  the 
process  of  Sexual  Selection. 

MacLeay,  Swainson,  and  their  followers,  explain  the 
horns  of  the  Dynastidae,  or  indeed  of  the  entire  Sapropha- 
gous  Lamellicomes,  on  the  principle  that  they  represent  the 
Ruminant  Mammalia,  and  that,  as  the  one  group  is  homed, 
the  other — whose  funftion  is  to  bury  the  excrements  of  the 
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former — must  be  homed  likewise.  The  analogy,  however, 
is  somewhat  strained.  The  horns  in  one  case  differ  signally 
from  the  horns  in  the  other.  The  Dynastidse — the  most 
decidedly  comuted  of  all  the  Lamellicornes — do  not  remove 
or  burrow  in  dung,  and  their  metropolis  is  a  region  remark- 
ably poor  in  ruminants.  Still  the  idea  of  certain  structural 
types  reappearing,  in  a  more  or  less  modified  form,  in  dif- 
ferent seftions  of  the  organic  world,  may  yet  prove  fruitful, 
and  should  not  be  entirely  lost  out  of  view.  How  it  may 
best  be  harmonised  with  the  dodlrine  of  Descent  is  not  a 
subjedt  for  present  consideration. 

Another  difficulty  for  "  Seledtion  "  is  the  existence  of  tri- 
morphous  species.  Thus  in  Papilio  Memnon  there  are  two 
distindt  forms  of  females,  the  one  nearly  resembling  the 
male,  and  the  other  decidedly  unlike.  A  single  brood  of 
larvae,  the  issue  of  either  kind,  comprises  at  once  males  and 
specimens  of  both  kinds  of  females.  The  males  do  not 
appear  to  show  any  exclusive  preference  for  either  form. 
On  what  principle  has  this  anomaly  arisen  ?  Is  it  the 
initial  step  to  the  formation  of  two  distindl  species  ?  If 
not,  what  end  does  it  subserve  that  would  not  be  equally 
well  secured  were  the  females  all  of  one  type  ? 

Turning  to  a  totally  different  point,  we  find  it  a  general 
rule  that — in  the  Vertebrata  and  Articulata — the  sexual 
organs  are  situate  at  or  near  that  extremity  of  the  trunk 
which  is  farthest  from  the  head.  In  spiders,  however,  it  is 
asserted  that  these  organs  in  the  male  are  placed  in  one  of 
the  legs.  Now,  that  this  very  peculiar  arrangement  is  an 
advantage  to  male  spiders  we  do  not  dispute.  It  is  nothing 
uncommon  for  the  female  spider  to  destroy  her  mate,  and 
hence  a  conformation  which  permits  of  intercourse  without 
the  close  contaft  required  in  other  forms  of  animal  life  may 
be  beneficial  to  the  male.*  But  by  what  process  has  such  a 
change  been  brought  about  ?  We  feel  utterly  unable  to 
conceive  even  of  the  first  stages  of  the  needful  transitions. 
It  would  seem  that  any  male  animal  in  which  the  generative 
organs  were  by  some  malformation  removed  from  their  usual 
site,  even  to  a  small  extent,  would  be  placed  at  a  disadvan- 
tage, and  be  less  likely  to  leave  posterity  than  one  of  the 
normal  stru(5ture.  If  we  consider  the  intermediate  positions 
through  which  the  male  organs  of  the  spider  must  have 
gradually  travelled  in  the  course  of  myriads  of  generations, 
we  shall  be  convinced  that  whatever  advantages  their  present 

*  A  somewhat  similar  arrangement  prevails  in  the  Octopus^  which  might 
almost  be  charadterised  as  a  sea-spider,  though  not  ranking  among  the  Arti- 
culata. 
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situation  may  afford,  those  points  of  transit  must  have  ren- 
dered fecundation  more  dangerous  and  less  easy.  We 
should  therefore  expedt  that  the  line  of  descent  in  which 
these  variations  were  occurring  would — in  the  ordinary 
working  of  Natural  Seleftion — tend  to  become  extindl. 

The  distribution  in  the  animal  kingdom  of  the  power  of 
secreting  poisons  requires,  also,  much  additional  light.    We 
may  distinguish  here  two  stages; — In  the  lower,  poisonous 
fluids  are  indeed  elaborated,  or  some  of  the  solids  of  the 
body  possess  venomous  properties,  but  the  animal  has  no 
special  apparatus  for  injedting  them  into  the  tissue  of  an 
enemy  or  of  a  viftim.     In  the  higher,  there  exist — in  addi- 
tion  to  the   secreting  glands  and  the  receptacles  for  the 
poison — either  hollow  fangs,  or  stings,  or  some  analogous 
weapon.     In  neither  of  these  forms  does  the  poison-faculty 
occur  among  Mammalia  and  birds,  at  least  in  a  normal, 
healthy  condition.*     Among  reptiles  it  seems  restri(5ted  to 
one  particular  group,  the  Ophidians,  where  it  receives  its 
maximum  development.     Why,  then,  has  no  similar  power 
been  evolved  among  warm-blooded  animals  and  among  non- 
ophidian  reptiles  ?     Why,  again,  is  the  venom  of  serpents 
much  more  intense  than  is  required  for  the  destru(5tion  of 
their  prey  ?     The  cobra  feeds  chiefly  upon  rats,  but  its  bite 
is  amply  sufficient  to  cause  the  death  of  a  man,  a  swine,  or 
a  sheep,  which  it  is  utterly  unable  to  swallow.     Nor,  after 
all,  can  the  venom  of  snakes  be  of  great  value  to  them  for 
defensive  purposes,  since  the  bite  of  few  species,  if  of  any, 
is   sufficiently  rapid   to   prevent  the  bitten  animal  taking 
instant  revenge.     As,  therefore,  increased  activity  of  venom 
can  have  conferred  little  especial  advantage  upon  its  pos- 
sessors, either  in  procuring  food  or  for  the  purpose  of  self- 
defence,  it  is  difficult  to  see  how  its  development  can  have 
been  effefted  on  the  principle  of  Natural  Seledtion.     Still 
less  can  we  conceive  of  it  as  due  to  Sexual  Sele(5lion.     The 
power,  possessed  as  it  is  by  both  sexes,  does  not  appear  cal- 
culated to  render  either  more  attractive  to  the  other. 

Passing  over  the  fishes,  in  some  of  which  the  venom- 
faculty  exists  in  its  higher  stage  of  development,  we  come 
to  the  Articulata.  Here  true  venoms  exist  in  the  Hymen- 
optera,  Heteroptera,  probably  in  certain  Diptera,  as  well  as 
in  many  spiders,  scorpions,  and  centipedes.t     On  the  other 

*  Is  hydrophobia,  as  occurring  among  wild  Canidae,  such  as  wolves  and 
jackals,  invariably  fatal  ?  Its  extreme  frequency  among,, those  species  leads 
us  to  doubt  whether  such  is  the  case." 

t  The  bite  of  the  common  English  centipede,  as  the  writer  can  testify,  is 
more  painful  than  the  sting  of  a  wasp. 
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hand,  the  Neuroptera,  Orthoptera,  Homoptera,  and  Strep- 
siptera,  are  devoid  of  venom.  In  certain  Coleoptera,  as  in 
the  Bembidiidae,  in  Cychrtis  rostratus,  and  a  few  other  Cara- 
bidse,  formic  acid  can  be  ejedled  either  as  a  liquid  or  as  a 
vapour ;  but  there  is  no  special  weapon  for  introducing  it 
into  any  given  objeft.  Certain  Lepidopterous  larvae  have 
hairs,  which  if  drawn  into  the  lungs,  or  even  brought  in 
contadl  with  the  skin,  produce  painful  and  dangerous  in- 
flammation. But  even  if  this  effedt  is  not  solely  due  to  the 
mechanical  structure  of  the  hairs,  they  are  not  under  the 
control  of  the  larva,  and  are  distributed  at  random  by  the 
wind.     There  arise,  then,  the  three  following  questions  : — 

1.  Why  is  the  poison-faculty  developed  in  the  particular 

groups  above  mentioned,  and  not  in  others  ? 

2.  Why  is  the  poison-apparatus  seated  in  the  head,  in 

bugs,  spiders,  and  centipedes,  but  in  wasps  and  scor- 
pions in  the  abdomen  or  in  the  tail  ? 

3.  Are  all  the  venom-bearing  animals  members  of  one 

and  the  same  line  of  ascent  ?     That  they  are  seems 

impossible  to  be  maintained. 
Can  we  construft  a  pedigree  in  which  all  the  poisonous 
groups  can  be  arranged  in  order  of  filiation  without  the  in- 
tervention of  non-poisonous  forms  ?  Did  some  articulate 
type  once  exist  from  which  the  bugs,  the  wasps,  the  centi- 
pedes, spiders,  and  scorpions  have  all  diverged,  whilst  non- 
poisonous  Articulata  sprang  from  another  source  ?  If  we 
take  our  second  question  into  consideration  the  matter  is 
further  complicated,  as  we  shall  then  have  to  seek  a  separate 
ancestry  for  the  bugs,  centipedes,  and  spiders  on  the  one 
hand,  and  for  the  wasps  and  scorpions  on  the  other.  If  no 
such  lines  of  descent  exist,  we  have  then  to  explain  the  in- 
dependent appearance  of  this  faculty  at  a  number  of  distin(5t 
points  in  the  animal  kingdom,  and  among  groups  which 
cannot  be  shown  to  require  it  more  than  do  several  others 
not  thus  armed.  A  tiger-beetle,  a  dragon-fly,  or  a  Mantis, 
able  to  inflidl  a  poisonous  bite,  would,  in  the  struggle  for 
existence,  have  enjoyed  a  marked  advantage  over  others  of 
its  kindred.  If,  then,  the  occurrence  of  the  venom-faculty 
be  due  to  Natural  Seledlion,  why  is  it  found  just  where  it  at 
present  exists,  and  not  elsewhere  ?  In  the  Hymenoptera  we 
meet  with  further  difficulties,  in  the  sexual  distribution  of 
the  poison-faculty,  and  in  the  fadl  that  the  organ  which  in 
some  groups  is  used  merely  as  an  ovipositor,  serves  as  a 
sting  in  others.  In  all  species  where  the  poison-power  lies 
in  the  jaws  the  males  and  females  are  armed  equally,  as  is 
also  the  case  in  the  scorpion.   We  must,  however,  remember 
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that  the  sting  of  the  latter,  though  corresponding  in  fundlion 
with  that  of  the  wasp  or  bee,  is  essentially  different. 

From  the  poison-faculty  we  pass  to  a  power  widely 
distributed  among  the  Articulata,  and  even  found  in  some 
MoUusca,  but  totally  wanting  among  vertebrate  animals — 
the  power  of  secreting  a  textile  matter  and  of  forming  it 
into  threads  and  tissues.  Most  inse(5ls  possess  this  power 
when  in  the  state  of  larvae,  though  in  very  different  degrees 
of  perfeftion.  Among  spiders  only  it  exists  in  perfeftion  in 
the  adult  state,  and  is  used  as  a  means  of  procuring  food, 
or,  we  might  say,  as  a  weapon.  Are,  then,  the  silk-giving 
insedls,  arachnides,  and  mollusks*  descendants  of  one 
common  stock,  or  has  it  also  originated  independently  in 
different  groups  ?  Here,  again,  it  must  be  remembered  that 
the  spinning  organs  are  not  homologous.  The  spider  emits 
its  silk  from  certain  abdominal  appendages,  whilst  all  insedt 
larvae  spin  from  orifices  in  the  face.  The  limitations  of  this 
power  are  also  perplexing.  Very  useful,  or  rather  necessary 
to  many  who  possess  it,  it  would  have  been  equally  useful 
to  many  who  do  not.  What,  then,  is  the  reason  that 
Natural  Seledtion  has  operated  just  as  we  find  it  to  have 
done  ?  To  many  birds,  and  to  certain  arboreal  mammalia, 
the  power  of  spinning  would  have  been  of  striking 
advantage.  Yet  the  process  which  has  evolved  spinning 
spiders  has  failed  to  produce  spinning  birds  and  mammals. 
Who  can  solve  this  riddle  ? 

Yet,  again,  we  find  in  certain  animals  the  power  of  phos- 
phorescence— of  emitting  at  will  a  distin<5t  light.  This 
faculty  is,  I  believe,  confined  to  the  Articulata,  and  appears 
there  in  certain  detached  groups.  It  is  found  amongst 
Coleoptera,  as  in  the  well-known  glowworm  and  fire-fly; 
amongst  Homoptera,  as  in  the  lantern-fly,  and  in  at  least 
one  centipede.  But  would  it  not  have  been  equally  useful 
to  many  other  nodturnal  animals,  who  might  thus  have 
attradted  each  other  ?  If  the  digression  is  permissible  it  is 
curious  why  noAumal  mammalia  are  scared  and  repelled  by 
a  light,  whilst  no(5tumal  insedls  are  universally  attra(5ted. 
What  charm  can  the  candle  have  for  the  moth  ?  No(5turnal 
birds,  also,  have  been  known  to  dash  themselves  against  the 
windows  of  lighthouses. 

To  return.  Either  all  luminous  animals  are  descended 
from  one  common  stock,  or  the  power  of  emitting  light  has 
been  independently  elaborated  at  distindl  points,  and  not 
elsewhere — a  repetition  of  the  difficulty  we  have  already 

•  Pinna. 
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encountered  as  regards  the  produdtion  of  poison  and  of 
textile  matter. 

There  is  a  strange  phenomenon  known  as  Melanism.  In 
the  more  southern  portions  of  the  globe  animal  forms  have 
a  striking  disposition  to  assume  a  black  colour.  This 
tendency  is  well  marked  in  the  temperate  latitudes  of  South 
America,  in  South  Africa  and  Madagascar,  in  Australia, 
New  Zealand,  and  New  Guinea,  where  it  reaches  the 
Equator.  Perhaps  the  most  familiar  instance  that  could  be 
cited  is  the  black  swan  of  Australia.  New  Zealand  has  a 
black  parrot,  and  the  high  latitudes  of  South  America  a 
black  humming-bird.  Among  insefts  it  is  well  known  that 
few  large  groups  display  a  more  brilliant  general  colouration 
than  the  Cetoniadae,  or  rose-beetles,  which  have  been  not 
inaptly  chara<5lerised  as  walking  jewels.  Yet  in  South 
Africa  and  Madagascar,  where  they  are  richly  developed, 
they,  too,  appear  in  mourniAg.  The  genera  Stenotarsiay 
Liostraca,  Heicroclita,  Callipcchis,  Rhinocceta,  Xiphoscelis,  and 
not  a  few  others  that  might  be  mentioned,  have  scarcely  a 
species  which  is  not  in  great  part  black.  Why  this  should 
be  the  case — while  groups  which  elsewhere  affe<5l  light  or 
brilliant  colours  should  be  represented  in  the  regions  just 
mentioned  by  black  members — is  an  unsolved  question. 
Peculiarity  of  climate  or  of  soil  is  out  of  the  question, 
since  the  countries  in  which  Melanism  has  been 
recognised  include  every  conceivable  variety  of  both,  and 
since  they  form  in  these  respe<5ls  no  exception  to  the 
remainder  of  the  habitable  globe.  Can  Natural  Seleftion  be 
the  cause  ?  Take  the  case  of  a  black  swan.  Will  his 
opportunities  of  surviving  in  the  struggle  for  existence,  and 
of  leaving  posterity  behind  him,  be  greater  than  if  he  had 
been  white,  like  the  swans  of  the  northern  hemisphere  ? 
We  see  no  reason  why  this  should  be  the  case.  But 
supposing,  for  argument's  sake,  that  the  black  swan  has  the 
advantage,  it  might  then  be  asked  why  he  had  not  also  been 
produced  and  perpetuated  in  other  regions  where  swans 
occur.  We  want  to  find  the  law  which  connects  the  black 
swan  with  Australia,  in  preference  to  any  other  region  of 
the  world,  and  so  far,  Evolution  leaves  us  as  much  in  the 
dark  as  the  old  doctrine  of  distindt  and  special  creation. 

But  Melanism  is  only  one  single  instance  of  a  general 
principle.  Almost  every  country  sufficiently  large  and  suffi- 
ciently rich  in  animal  and  vegetable  species,  has  its  local 
characteristics.  Place  a  miscellaneous,  but  local,  assort- 
ment of  inse<5ls  before  an  experienced  entomologist,  and, 
though  he. may  know  nothing  of  them,  and  have  never  seen 
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one  of  them  before,  he  will  from  these  charafteristics 
suspect  their  origin.  Now  in  this  there  is,  to  a  certain 
point,  nothing  difficult  to  explain  in  accordance  with  the 
doctrine  of  Descent.  Isolate  two  countries  so  that  the 
animals  and  plants  of  each  are  perfeftly  excluded  from 
the  other,  then,  if  species  do  undergo  any  variation  in 
course  of  ages,  we  may  naturally  expedl  that  the  Faunae 
and  Florae  of  the  two  regions  will  differ  respeftively  from 
each  other,  and  that  the  more  decidedly  the  longer  and 
the  more  complete  has  been  their  separation.  As  Mr. 
Wallace  tersely  puts  the  matter,  "  the  individuality  in  the 
produ(5tions  of  a  country  is  the  measure  of  the  time  of  its 
isolation."  But  here  arises  a  difficulty ;  the  variation  in 
each  zoological  or  botanical  distri<St  is  apt  to  take  some  one 
specific  diredlion.  Thus  there  are  in  America,  if  we 
remember  rightly,  some  thirty  vegetable  species  which  all 
differ  from  their  nearest  representatives  on  the  eastern  side 
of  the  Atlantic  in  one  and  the  same  manner.  Mr.  Wallace 
remarks  in  the  butterflies  of  Celebes,  as  compared  with 
those  of  the  adjacent  islands,  a  peculiarity  of  outline.  Their 
fore-wings  are  either  strongly  curved  or  bent  near  the  base, 
or  extremely  elongated  and  hooked.  Now  the  climate  of 
Celebes  differs  very  little,. if  at  all,  from  that  of  Borneo  on 
the  west,  or  of  the  Moluccas  on  the  east.  It  is  difficult  in 
the  extreme  to  imagine  any  reason  why  butterflies  with  the 
peculiarities  thus  indicated  should  enjoy  any  advantage  in 
the  struggle  for  existence  in  Celebes  which  they  would  not 
equally  experience  in  the  surrounding  islands.  How,  then, 
can  we  conceive  these  features  due  to  Natural  Sele<5tion  ? 
But  there  are  local  peculiarities,  not  merely  in  structure, 
but  also  in  colour  and  design.  To  what  can  these  be  due  ? 
It  needs  but  little  effort  of  the  imagination  to  recognise  in 
the  patterns  of  Chinese  butterflies,  moths,  and  beetles, 
something  of  the  stiff  and  grotesque  chara<5ler  which  strikes 
us  in  Chinese  decorative  art. 

Again,  there  is  a  difficulty  in  the  distribution  of  zoological 
forms.  Take  those  coleopterous  groups  which  are  most 
closely  and  diredlly  dependent  upon  the  vegetable  kingdom, 
such  as  the  Buprestidae,  Cetoniadae,  Dynastidae,  Curcu- 
lionidae,  and  Longicomes.  We  might  naturally  expedt  that 
in  every  tropical  region  where  there  is  a  profuse,  luxuriant, 
and  highly  varied  vegetable  life,  espedially  in  the  form  of 
large  trees,  there  the  development  of  these  groups  would  be 
mainly  equal  and  similar.  Yet  nothing  can  be  farther  from 
the  truth.  There  are  decaying  trees  and  rich  vegetable 
mould  in  Africa,  in  India,  and  the  Malay  Archipelago.     Yet 
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the  head-quarters  of  the  Dynastidae  are  unmistakably  in 
South  America.  There  are  leaves  and  flowers  in  the  warm 
regions  of  the  western  hemisphere,  as  well  as  in  Africa, 
Southern  Asia,  and  Australia.  Yet  the  Cetoniadae  of  the 
Old  World  are  in  round  numbers  four  times  as  numerous  as 
those  of  the  New.  Why  have  not  they  in  Brazil,  Guayana, 
Venezuela,  and  Mexico,  developed  themselves  into  as  great 
a  variety  of  forms  as  in  Madagascar,  the  Guinea  regions, 
the  Cape,  and  India  ?  It  may  be  urged  that  their  career  in 
South  America  has  been  checked  by  enemies,  as,  for 
instance,  by  the  destructive  ants.  But  Africa  is  no  less 
infested  by  these,  our  "  six-legged  rivals,"  than  is  South 
America.  It  is  also  difficult  to  see  why  any  enemy  which 
should  int;prfere  with  the  development  of  the  Cetoniadae, 
should  not  to  a  very  serious  extent  interfere  with  the  multi- 
plication of  Dynastidae  and  Longicornes.  To  sum  up  this 
part  of  the  subjetfl  it  may  be  said  we  want  to  know  what 
determines  the  variation  of  species,  to  take  in  different 
countries  different  directions?  What  connects  certain 
forms  of  life  with  certain  regions  ?  Why  do  groups  whose 
conditions  of  existence  are  the  same — as  far,  at  least,  as  our 
most  careful  scrutiny  can  discover — make  their  election  of 
localities,  and  what  determines  their  choice  ? 

We  cannot  refrain  from  noticing  here  certain  objections 
to  "  Darwinism,"  or  rather  to  Evolutionism,  which  have 
been  recently  promulgated,  but  to  which  we  can  attach  no 
great  value.  It  is  said  that  no  monkeys  are  carnivorous, 
whilst  all  the  stronger  races  of  man  are  omnivorous,  and 
even  primarily  carnivorous.  It  is  a  common  error  to  lay 
great  weight  on  the  natural  diet  of  an  animal  in  proof  of  its 
affinities.  We  find  the  greatest  diversity  of  diet  in  one  and 
the  same  group.  Thus  whilst  the  polar  bear,  and,  I  believe, 
the  grizzly  (C7.  Ferox),  may  be  considered  exclusively 
carnivorous,  there  are  other  species  of  bear  which  decidedly 
prefer  a  vegetable  diet.  Among  the  Rodents  we  find  some 
purely  herbivorous,  as  the  hare,  the  rabbit,  and  the  Guinea- 
pig,  and  others  which,  like  the  rat,  have  a  strong  inclination 
for  animal  food.  Nor  must  we  forget  that  the  earliest 
traditions  we  possess  represent  primeval  man  as  a  pure 
vegetarian. 

A  kindred  objedlion  is  that  the  "  nearest  creatures  to  man 
in  form  are  not  the  nearest  in  intellect.  The  elephant,  dog, 
and  horse,  which  have  no  affinity  to  man,  have  a  far  closer 
intelle(5tual  affinity  than  those  pets  of  Darwinism,  the  gorilla 
and  chimpanzee."  If  the  author  of  these  lines  had  men- 
tioned the   ant  as   having  a  '*  closer  intellectual  affinity  to 
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man  "  than  any  vertebrate  animal,  he  would  have  com- 
manded assent.  We  should  then  have  reminded  him  that 
Evolutionism  is  the  only  theory  of  the  animal  kingdom  with 
which  such  fafts  harmonise.  All  other  systems  have  found 
it  a  severe  shock  that  mental  development  did  not  keep  a 
parallel  course  with  structural  affinity.  Place  a  white  ball 
at  the  top  of  every  twig  of  a  large  tree :  the  second  highest 
ball  will  not  necessarily  be  found  on  the  same  branch  that 
supports  the  highest  of  all.  Mr.  Darwin  expressly  declares 
that  he  does  not  consider  man's  place  to  be  on  the  same 
ascending  line  as  that  to  which  the  gorilla  and  chimpanzee 
belong.  The  anonymous  writer  quoted  commits  the  common 
mistake  of  confounding  docility  and  subservience  with  intelledl. 
Could  we  enter  into  as  close  relations  with  the  ape  as  we  do 
with  the  dog,  we  should  find  the  former  far  superior  in 
intelle(5t.  But,  like  the  higher  races  of  man,  he  is  inde- 
pendent in  charadler,  and  does  not  take  kindly  to  slavery. 
A  female  ape  will  drive  away  the  flies  from  her  sleeping 
infant.  If  it  dies,  she  will  often  fret  herself  to  death.  Does 
a  bitch  ever  show  such  an  approach  to  human  nature  ? 

We  have  thus  briefly  glanced  at  a  number  of  fadls  which 
still  remain  isolated  and  unorganised,  and  of  which  we  are 
scarcely  more  able  to  give  a  rational  account  than  were  our 
forerunners  two  centuries  ago.  Our  survey  has  been  far 
from  exhaustive,  its  purpose  being  to  furnish,  not  a  cata- 
logue, but  merely  charafteristic  specimens.  How,  then, 
are  such  phenomena  to  be  regarded  ?  To  ascribe  them  to 
chance  is,  substantially,  what  ''  the  fool  hath  said  in  his 
heart."  It  may  be  asked  why  not  simply  refer  them  to  the 
good  pleasure  of  God,  as  did  our  fathers  before  us  ?  We 
reply  that  it  is  equally  irreverent  and  unphilosophical  to 
conceive  of  the  decrees  of  Absolute  Reason  as  mere  casual 
arrangements,  based  upon  no  fixed  principles,  and  which 
might  as  well  have  been  quite  otherwise.  Let  us  be  sure 
that  all  these  apparent  anomalies  are  the  outcome  of  laws 
— laws  certainly  difficult,  and  perhaps  impossible,  for  us  to 
comprehend.  But  it  is  at  once  our  duty  and  our  privilege 
to  make  the  attempt. 
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VI.    THE    MECHANICAL    ACTION    OF    LIGHT. 
By  William  Crookes,  F.R.S.,  &c. 

OME  experiments  illustrating  the  mechanical  adlion  of 
Light,  which  I  have  recently  exhibited  before  the 
Fellows  of  the  Royal  Society,  having  attrad^ed  consi- 
derable attention,  I  propose  to  give  here  a  description  of 
some  of  the  instruments  which  my  researches  have  enabled 
me  to  constru<5l.  But,  to  render  the  subjedl  more  intelli- 
gible, it  will  be  necessary  to  give  a  brief  outline  of  the 
researches  which  I  have  been  carrying  on  for  the  last  three 
or  four  years,  so  that  the  reader  may  see  the  gradual  steps 
which  have  led  up  to  the  full  proof  that  Radiation  is  a  motive 
power. 

The  experiments  were  first  suggested  by  some  observa- 
tions made  when  weighing  heavy  pieces  of  glass  apparatus 
in  a  chemical  balance,  enclosed  in  an  iron  case  from  which 
the  air  could  be  exhausted.  When  the  substance  weighed 
was  of  a  temperature  higher  than  that  of  the  surrounding  air 
and  the  weights,  there  appeared  to  be  a  variation  of  the  force 
of  gravitation.  Experiments  were  thereupon  instituted  to 
render  the  aftion  more  sensible  and  to  eliminate  sources  of 
error.* 

My  first  experiments  were  performed  with  apparatus  made 
on  the  principle  of  the  balance.  An  exceedingly  fine  and 
light  arm  was  delicately  suspended  in  a  glass  tube  by  a  double- 
pointed  needle  ;  and  at  the  ends  were  affixed  balls  of  various 
materials.  Amongst  the  substances  thus  experimented  on 
I  may  mention  pith,  glass,  charcoal,  wood,  ivory,  cork,  sele- 
nium, platinum,  silver,  aluminium,  magnesium,  and  various 
other  metals. 

The  most  delicate  apparatus  for  general  experiment  was 
made  with  a  straw  beam  having  pith  masses  at  the  end. 
The  general  appearance  of  the  apparatus  is  shown  in 
Fig.  I. 

A  is  the  tube  belonging  to  the  Sprengel  pump.t  B  is  the 
desiccator,  full  of  glass  beads  moistened  with  sulphuric  acid, 
c  is  the  tube  containing  the  straw  balance  with  pith  ends  : 
it  is  drawn  out  to  a  contracted  neck  at  the  end  conne<5led 

•  **  On  the  Atomic  Weight  of  Thallium,"  Phil.  Trans.,  1873,  vol.  clxiii., 
p.  287. 

t  For  a  full  description  of  this  pump,  with  diagrams,  see  Phil.  Trans.,  1873, 
vol.  clxiii.,  p.  295. 
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with  the  pump,  so  as  to  readily  admit  of  heing  sealed  off 
at  any  stage  of  the  exhaustion,  d  is  the  pump-gauge, 
and  B  is  the  barometer. 

The  whole  being  fitted  up  as  here  shown,  and  the  appa- 
ratus being  full  of  air  to  begin  with,  I  passed  a  spirit -Same 
across  the  lower  part  of  the  tube  at  b,  observing  the 
movement  by  a  low-power  micrometer :  the  pith-ball  (a  6) 
descended  slightly,  and  then  immediately  rose  to  consider- 
ably above  its  original  position.  It  seemed  as  if  the  true 
action  of  the  heat  was  one  of  attraftion,  instantly  overcome 
by  ascending  currents  of  air.  A  hot  metal  or  glass  rod  and 
a  tube  of  hot  water  applied  beneath  the  pith  ball  at  b  pro* 
duced  the  same  effei5t  as  the  fiame  ;  when  applied  above  at  a 
they  produced  a  slight  rising  of  the  ball.  The  same  effects 
take  place  when  the  hot  body  is  applied  to  the  other  end  of 
the  balanced  beam.  In  these  cases  air-currents  are  suffi- 
cient to  explain  the  rising  of  the  hall  under  the  influence 
of  heat. 

In  order  to  apply  the  heat  in  a  more  regular  manner,  a 
thermometer  was  inserted  in  a  glass  tube,  having  at  its 
extremity  a  glass  bulb  about  ij  inches  diameter;  it  was 
filled  with  water  and  then  sealed  up  (see  Fig.  2).     This  was 


arranged  on  a  revolving  stand,  so  that  by  means  of  a  cord  I 
could  bring  it  to  the  desired  position  without  moving  the  eye 
from  the  micrometer.  The  water  was  kept  heated  to  70°  C., 
the  temperature  of  the  laboratory  being  about  15°  C. 

The  barometer  being  at  767  millims.  and  the  gauge  at 
zero,  the  hot  bulb  was  placed  beneath  the  pith  ball  at  b. 
The  ball  rose  rapidly.  The  source  of  heat  was  then  re- 
moved, and  as  soon  as  equilibrium  was  restored  I  placed  the 
hot-water  bulb  above  the  pith  ball  at  a,  when  it  rose  again, 
— more  slowly,  however,  than  when  the  heat  was  applied 
beneath  it. 

The  pump  was  then  set  to  work;  and  when  the  gauge 
was  147  millims,  below  the  barometer,  the  experiment  was 
tiied  again  :  a  similar  result,  only  more  feeble,  was  obtained. 
The  exhaustion  was  continued,  stopping  the  pump   from 
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time  to  time  to  observe  the  eflfeft  of  heat,  when  it  was  seen 
that  the  eiFedt  of  the  hot  body  regularly  diminished  as  the 
rarefadtion  increased,  until,  when  the  gauge  was  about 
12  millims.  below  the  barometer,  the  adlion  of  the  hot  body 
was  scarcely  noticeable.  At  lo  millims.  below  it  was  still 
less  ;  whilst  when  there  was  only  a  difference  of  7  millims. 
between  the  barometer  and  the  gauge,  neither  the  hot-water 
bulb,  the  hot  rod,  nor  the  spirit-flame  caused  the  ball  to 
move  in  an  appreciable  degree. 

The  inference  was  almost  irresistible  that  the  rising  of 
the  pith  was  only  due  to  currents  of  air,  and  that  at  this 
near  approach  to  a  vacuum  the  residual  air  was  too  highly 
rarefied  to  have  power  in  its  rising  to  overcome  the  inertia 
of  the  straw  beam  and  the  pith  balls.  A  more  delicate  in- 
strument would  doubtless  show  traces  of  movement  at  a 
still  nearer  approach  to  a  vacuum ;  but  it  seemed  evident 
that  when  the.  last  trace  of  air  had  been  removed  from  the 
tube  surrounding  the  balance — when  the  balance  was  sus- 
pended in  empty  space  only — the  pith  ball  would  remain 
motionless,  wherever  the  hot  body  were  applied  to  it. 

I  continued  exhausting.  On  next  applying  heat  underneath, 
the  result  showed  that  I  was  far  from  having  discovered  the 
law  governing  these  phenomena  ;  the  pith  ball  rose  steadily, 
and  without  that  hesitation  which  had  been  observed  at  lower 
rarefaftions.  With  the  gauge  3  millims.  below  the  baro- 
meter, the  ascension  of  the  pith  when  a  hot  body  was  placed 
beneath  it  was  equal  to  what  it  had  been  in  air  of  ordinary 
density ;  whilst  with  the  gauge  and  barometer  level  its  up- 
ward movements  were  not  only  sharper  than  they  had  been 
in  air,  but  they  took  place  under  the  influence  of  far  less 
heat — the  finger,  for  example,  instantly  repelling  the  ball  to 
its  fullest  extent. 

To  verify  these  unexpected  results,  air  was  gradually  let 
into  the  apparatus,  and  observations  were  taken  as  the  gauge 
sank.  The  same  effedls  were  produced  in  inverse  order,  the 
point  of  neutrality  being  when  the  gauge  was  about  7  millims. 
below  a  vacuum. 

A  piece  of  ice  produced  exa<5lly  the  opposite  effedl  to  a 
hot  body. 

The  presence  of  air  having  so  marked  an  influence  on  the 
a(5tion  of  heat,  an  apparatus  was  fitted  up  in  which  the 
source  of  heat  (a  platinum  spiral  rendered  incandescent  by 
cledtricity)  was  inside  the  vacuum-tube  instead  of  outside  it 
as  before ;  and  the  pith  balls  of  the  former  apparatus  were 
replaced  by  brass  balls.  By  careful  manipulation  and  turning 
the  tube  round,  I  could  place  the  equipoised  brass  ball  either 
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over,  under,  or  at  the  side  of  the  source  of  heat.  With 
this  apparatus  I  tried  many  experiments,  to  ascertain  more 
about  the  behaviour  of  the  balance  during  the  progress  of 
the  exhaustion,  both  below  and  above  the  point  of  no  aftion, 
and  also  to  ascertain  the  pressure  corresponding  w^ith  this 
critical  point. 

In  one  experiment,  which  is  described  in  detail  in  my 
paper  on  this  subjedl  before  the  Royal  Society,*  the  pump 
was  worked  until  the  gauge  had  risen  to  within  5  millims. 
of  the  barometric  height.  On  arranging  the  ball  above  the 
spiral  and  making  conta<5l  with  the  battery,  the  attraftion 
was  still  strong,  drawing  the  ball  downwards  a  distance  of 
2  millims.  The  pump  continuing  to  work,  the  gauge  rose 
until  it  was  within  i  millim.  of  the  barometer.  The  attrac- 
tion of  the  hot  spiral  for  the  ball  was  still  evident,  drawing 
it  down  when  placed  below  it,  and  up  when  placed  above  it. 
The  movement,  however,  was  much  less  decided  than 
before ;  and  in  spite  of  previous  experience  the  inference 
was  very  strong  that  the  attra(5lion  would  gradually  diminish 
until  the  vacuum  was  absolute,  and  that  then,  and  not  till 
,  then,  the  neutral  point  would  be  reached.  Within  i  millim. 
of  a  vacuum  there  appeared  to  be  no  room  for  a  change  of 
sign. 

The  gauge  rose  until  there  was  only  ^  a  millim.  between 
it  and  the  barometer.  The  metallic  hammering  heard  when 
the  rarefadlion  is  close  upon  a  vacuum  commenced,  and  the 
falling  mercury  only  occasionally  took  down  a  bubble  of  air. 
On  turning  on  the  battery  current,  there  was  the  faintest 
possible  movement  of  the  brass  ball  (towards  the  spiral)  in 
the  direftion  of  attradlion. 

The  working  of  the  pump  was  continued.  On  next 
making  contadl  with  the  battery,  no  movement  could  be 
dete<5led.  The  red-hot  spiral  neither  attracted  nor  repelled. 
I  had  arrived  at  the  critical  point.  On  looking  at  the  gauge 
I  saw  it  was  level  with  the  barometer. 

The  pump  was  now  kept  at  full  work  for  an  hour.  The 
gauge  did  not  rise  perceptibly ;  but  the  metallic  hammering 
sound  increased  in  sharpness,  and  I  could  see  that  a  bubble 
or  two  of  air  had  been  carried  down.  On  igniting  the  spiral, 
I  saw  that  the  neutral  point  had  been  passed.  The  sign  had 
changed,  and  the  adlion  was  one  of  faint  but  unmistakable 
repulsion.  The  pump  was  still  kept  going,  and  an  observa- 
tion was  taken  from  time  t©  time  during  several  hours.  The 
repulsion  continued  to  increase.     The  tubes  of  the  pump 

•  Phil.  Trans..  1874,  vol.  clxiv.,  p.  501. 
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were  now  washed  out  Kvith  oil  of  vitriol,*  and  the  working 
was  continued  for  an  hour. 

The  adlion  of  the  incandescent  spiral  was  now  found  to 
be  energetically  repellent^  whether  it  was  placed  above  or 
below  the  brass  ball.  The  fingers  exerted  a  repellent  aAion, 
as  did  also  a  warm  glass  rod,  a  spirit-flame,  and  a  piece  of 
hot  copper. 

In  order  to  decide  once  for  all  whether  these  adlions  really 
were  due  to  air-currents,  a  form  of  apparatus  was  fitted  up 
which — whilst  it  would  settle  the  question  indisputably — 

Fio.  3. 


Would  ^t  the  same  time  be  likely  to  afford  information  of 
much  interest. 

By  chemical  means  I  obtained  in  an  apparatus  a  vacuum 
so  nearly  perfedl  that  it  would  not  carry  a  current  from  a 
Ruhmkorff 's  coil  when  connedled  with  platinum  wires  sealed 
into  the  tube.  In  such  a  vacuum  the  repulsion  by  heat  was 
still  found  to  be  decided  and  energetic. 

*  This  can  be  effed^ed  without  interfering  with  the  exhaustion. 
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I  next  tried  experiments  in  which  the  rays  of  the  sun,  and 
then  the  different  portions  of  the  solar  spedlrum,  were  pro- 
je<5led  on  to  the  delicately  suspended  pith-ball  balance.  In 
vacuo  the  repulsion  by  a  beam  of  sunlight  is  so  strong  as 
to  cause  danger  to  the  apparatus,  and  resembles  that  which 
would  be  produced  by  the  physical  impadl  of  a  material  body, 

A  simpler  form  of  the  apparatus  for  exhibiting  the  phe- 
nomena of  attra<5lion  in  air  and  repulsion  in  a  vacuum  con- 
sists of  a  long  glass  tube,  a  b  (Fig.  3),  with  a  globe,  c,  at  one 
end.  A  light  index  of  pith,  d  e,  is  suspended  in  this  globe 
by  means  of  a  cocoon  fibre. 

When  the  apparatus  is  full  of  air  at  ordinary  pressure. 


Fio.  4. 
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a  ray  of  heat  or  light  falling  on  one  of  the  extremities 
of  the  bar  of  pith  gives  a  movement  indicating  attradlion. 
When  the  apparatus  is  exhausted  until  the  barometric 
gauge  shows  a  depression  of  12  millims.  below  the  barometer, 
neither  attraction  nor  repulsion  results  when  radiant  light 
or  heat  falls  on  the  pith,  but  when  the  vacuum  is  as  good  as 
the  pump  will  produce  strong  repulsion  is  shown  when  radi- 
ation is  allowed  to  fall  on  one  end  of  the  index.  An  appa- 
ratus of  this  kind  constru<5led  with  the  proper  precautions, 
and  sealed  off  when  the  vacuum  is  perfecSt,  is  so  sensitive  to 
heat  that  a  touch  with  the  finger  on  a  part  of  the  globe  near 
one  extremity  of  the  pith  will  drive  the  index  round  over  90°, 
VOL.  V.  (n.s.)  2  X 
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while  it  follows  a  piece  of  ice  as  a  needle  follows  a  magnet. 
With  a  large  bulb,  veiy  well  exhausted  and  containing  a 
suspended  bar  of  pith,  a  somewhat  striking  effef^  is  pro- 
duced when  a  lighted  candle  is  placed  about  2  inches  from 
the  globe.  The  pith  bar  commences  to  oscillate  to  and  fro, 
the  swing  gradually  increasing  in  amplitude  until  the  dead 
centre  is  passed  over,  when  several  complete  revolutions  are 
made.  The  torsion  of  the  suspending  fibre  now  offers  re- 
sistance to  the  revolutions,  and  the  bar  commences  to  turn 
in  the  opposite  direftion.  This  movement  is  kept  up  with 
great  energy  and  regularity  as  long  as  the  candle  bums. 

For  more  accurate  experiments  I  prefer  making  the  appa- 
ratus differently.  Fig.  4  represents  the  best  form.  «  6  is  a 
glass  tube,  to  which  is  fused  at  right  angles  another  nar- 
rower tube,  c  d  ;  the  vertical  tube  is  slightly  contra<5led  at  e^ 
so  as  to  prevent  the  solid  stopper  d — which  just  fits  the  bore 
of  the  tube — from  falling  down.     The  lower  end  of  the 


Fig.  5. 


stopper,  d  Cy  is  drawn  out  to  a  point ;  and  to  this  is  cemented 
a  fine  glass  thread  about  o'ooi  inch  diameter,  or  less,  ac- 
cording to  the  torsion  required.* 

At  the  lower  end  of  the  glass  thread  an  aluminium  stirrup 
and  a  concave  glass  mirror  are  cemented,  the  stirrup  being 
so  arranged  that  it  will  hold  a  beam,  f  gy  having  masses  of 
any  desired  material  at  the  extremities.  At  c  in  the  hori- 
zontal tube  is  a  plate-glass  window  cemented  on  to  the 
tube.     At  h  is  also  a   piece  of  plate  glass   cemented  on. 

*  Some  of  the  glass  fibres  used  in  these  torsion  balances  are  so  fine  that 
when  one  end  is  held  between  the  fingers  the  other  portion  floats  about  like 
a  8pider*6  thread,  and  frequently  rises  until  it  takes  a  vertical  position. 
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Exhaustion  is  effeifled  through  a  branch  tube,  h,  projedling 
from  the  side  of  the  upright  tube.  This  is  sealed  by  fusion 
to  the  spiral  tube  of  the  pump.  The  stopper  d  e  and  the 
glass  plates  c  and  b  are  well  fastened  with  a  cement  of  resin 
and  bees'-wax. 

The  advantage  of  a  glass-thread  suspension  is  that  the 
beam  always  comes  back  to  its  original  position. 

An  instrument  of  this  sort,  perfedlly  exhausted  and  then 
sealed  off,  is  shown  at  work  in  Fig.  5.  It  has  pith  plates  at 
the  extremities  of  the  torsion  beam.  A  ray  of  light  from 
the  lamp  is  thrown  on  to  the  central  mirror,  and  thence  re- 
flected on  to  the  graduated  scale.  The  approach  of  a  finger 
to  either  extremity  of  the  beam  causes  the  luminous  index 
to  travel  several  inches,  showing  repulsion.  A  piece  of  ice 
brought  near  causes  the  spot  of  light  to  travel  as  much  in 
the  opposite  direftion.  In  order  to  ensure  the  luminous 
index  coming  accurately  back  to  zero,  extreme  pre- 
cautions must  be  taken  to  keep  all  extraneous  radiation 
from  adling  on  the  torsion-balance.  The  whole  apparatus 
is  closely  packed  round  with  a  layer  of  cotton-wool  about 
6  inches  thick,  and  outside  this  is  arranged  a  double  row  of 
Winchester  quart  bottles  filled  with  water,  spaces  only  being 
left  for  the  radiation  to  fall  on  the  balance  and  for  the  index 
ray  of  light  to  get  to  and  from  the  mirror. 

However  much  the  results  may  vary  when  the  vacuum  is 
imperfedl,  with  an  apparatus  of  this  kind  they  always  agree 
among  themselves  when  the  residual  gas  is  reduced  to  the 
minimum  possible ;  and  it  is  of  no  consequence  what  this 
residual  gas  is.  Thus,  starting  with  the  apparatus  full  of 
various  vapours  and  gases,  such  as  air,  carbonic  acid,  water, 
iodine,  hydrogen,  ammonia,  &c.,  there  is  not  found  at  the 
highest  rarefadlion,  any  difference  in  the  results  which  can  be 
traced  to  the  residual  gas.  A  hydrogen-vacuum  appears  the 
same  as  a  water-  or  an  iodine-vacuum. 

The  neutral  point  for  a  thin  surface  of  pith  being  low, 
and  that  for  a  moderately  thick  piece  of  platinum  being 
high,  it  follows  that  at  a  rarefadlion  intermediate  between 
these  two  points  pith  will  be  repelled,  and  that  platinum 
will  be  attracted  by  the  same  beam  of  radiation.  This  has 
been  proved  experimentally.  An  apparatus  showing  simul- 
taneous attra<5lion  and  repulsion  by  the  same  ray  of  light  is 
illustrated  in  Fig.  6. 

The  pieces /g^  on  the  end  of  one  beam  consist  of  platinum- 
foil  exposing  a  square  centimetre  of  surface,  whilst  the 
extremities  /  g'  on  the  other  beam  consist  of  pith  plates  of 
the  same  size.     A  wide  beam  of  radiation  thrown  in  the 
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centre  of  the  tube  on  to  the  plates  gf*  causes  g  to  be  at- 
t rafted  and  /'  to  be  repelled,  as  shown  by  the  light  refledled 
from  the  mirrors,  cc\  The  atmospheric  pressure  in  the 
apparatus  is  equal  to  about  40  millims.  of  mercury. 

In  a  torsion  apparatus  similar  to  the  one  shown  in  Figs.  4 
and  5  I  have  submitted  variously  coloured  discs  to  the  action 
of  the  different  rays  of  the  spe<5lrum.  The  most  striking 
results,  as  yet,  have  been  obtained  when  the  different  rays 
of  the  spedlrum  were  thrown  on  white  and  on  black  sur- 
faces. The  result  was  to  show  a  decided  difference  between 
the  action  of  light  and  of  radiant  heat.  At  the  highest  ex- 
haustions dark  heat  from  boiling  water  adls  almost  equally  on 
white  pith  and  on  pith  coated  with  lamp-black,  repelling 
either  with  about  the  same  force.  The  adtion  of  the  lumi- 
nous rays,  however,  is  different.  These  repel  the  black 
surface  more  energetically  than  they  do  the  white  surface, 
and,  consequently,  if  in  such  an  apparatus  as  is  shown  at 
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Fig.  4,  one  disc  of  pith  is  white  and  the  other  is  black,  an 
exposure  of  both  of  them  to  light  of  the  same  intensity 
will  cause  the  torsion  thread  to  twist  round,  owing  to  the 
difference  of  repulsion  exerted  on  the  black  and  the  white 
surface.  If,  in  the  bulb  apparatus  shown  in  Fig.  3,  the 
halves  of  the  pith  bar  are  alternately  white  and  lamp- 
blacked,  this  differential  adlion  will  produce  rapid  rotation 
in  one  diredtion,  which  keeps  up  until  stopped  by  the  torsion 
of  the  suspending  fibre. 

Taking  advantage  of  this  fa<5l  I  have  construdled  an  in- 
strument which  I  have  called  the  Radiometer,  shown  in 
seftion  and  plan  at  Figs.  7  and  8.  It  consists  of  four 
arms,  of  some  light  material,  suspended  on  a. hard  steel 
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point  resting  in  a  jewel  cup,  so  that  the  arms  are  able  to 
revolve  horizontally  upon  the  centre  pivot,  in  the  same 
manner  as  the  arms  of  Dr.  Robinson's  anemometer  revolve. 
To  the  extremity  of  each  arm  is  fastened  a  thin  disc  of  pith, 
white  on  one  side  and  lamp-blacked  on  the  other,  the 
black  surfaces  of  all  the  discs  facing  the  same  way.  The 
whole  is   enclosed  in  a   thin  glass  globe,  which  is  then 

Figs.  7  and  8. 


a.  A  very  fine  needle  point. 

b.  Two  pieces  of  straw. 

c.  Jewel  cup. 

dddd.    Four  pith  discs,  blackened  on  one  side.    The  arms  between  the  straw  in  tho 

centre  and  the  discs  are  bent  glass  fibres. 
«.  Glass  support  holding  cup. 
/.  Cement  to  keep  the  support  c  in  its  place. 
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exhausted  to  the  highest  attainable  point  and  hermetically 
sealed. 

The  arms  of  this  instrument  rotate  with  more  or  less  velo- 
city under  the  adlion  of  radiation,  the  rapidity  of  revolution 
beingdiredlly  proportional  to  the  intensity  of  the  incident  rays. 
Placed  in  the  sun  or  exposed  to  the  light  of  burning  magne- 
sium, the  rapidity  is  so  great  that  the  separate  discs  are  lost 
in  a  circle  of  light.  Exposed  to  a  candle  20  inches  ofif  another 
instrument  gave  one  revolution  in  182  seconds;  with  the 
same  candle  placed  at  a  distance  of  10  inches  off  the  result 
is  one  revolution  in  45  seconds ;  and  at  5  inches  off  one  re- 
volution was  given  in  11  seconds.  Thus  it  is  seen  that  the 
mechanical  adlion  of  radiation  is  inversely  proportional  to  the 
square  of  the  distance.  At  the  same  distance  2  candles  give 
exactly  double,  and  3  candles  give  three  times,  the  velo- 
city given  by  i  candle,  and  so  on  up  to  24  candles.  A 
small  Radiometer  was  found  to  revolve  at  the  velocities 
shown  in  the  following  table,  when  exposed  to  the  radiation 
of  a  standard  candle  5  inches  off. 

Time  required  for  One  Revolution. 

Source  of  Radiation.  Time  in  Seconds. 

X  candle,  5  inches  off,  behind  green  glass    .     .    40 

3  »  »  blue        „  .  .  38 

5  „  „  purple     „  .  .  28 

5  M  "  orange     „  .  .  26 

5  M  M  yellow     „  .  .  21 

5  »  »  light  red  „  .  .  20 

In  diffused  daylight  the  velocity  was  one  revolution  in 
from  1*7  seconds  to  2*3  seconds,  according  to  the  intensity 
of  the  incident  rays.  In  full  sunshine,  at  10  a.m.,  it  revolved 
once  in  0*3  second,  and  at  2  p.m.  once  in  0*25  second.  • 

When  heat  is  cut  off  by  allowing  the  radiation  to  pass 
through  a  thick  plate  of  alum,  the  velocity  of  rotation  is 
somewhat  slower,  and  when  only  dark  heat  is  allowed  to  fall 
on  the  arms  (as  from  a  vessel  of  boiling  water)  no  rotation 
whatever  is  produced. 

In  all  respedls,  therefore,  it  is  seen  that  the  Radiometer 
gives  indications  in  stridl  accordance  with  theory. 

Several  radiometers,  of  various  constructions  as  regards 
details,  but  all  depending  on  the  above-named  discovery, 
have  been  exhibited  at  the  Royal  Society,  where  their 
novelty  and  unexpefted  indications  excited  a  considerable 
amount  of  interest. 
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This  form  of  instrument  is  of  loo  recent  a  construftion  for 
me  to  be  able  to  do  more  than  draw  brief  attention  to  a  few  of 
the  many  uses  for  which  it  is  applicable. 

By  timing  the  revolutions  of  the  instrument  when  exposed 
diredt  to  a  source  of  light — a  candle,  for  instance — the  total 
radiation  is  measured.  If  a  screen  of  alum  is  now  inter- 
posed, the  influence  of  heat  is  almost  entirely  cut  off,  the 
velocity  becomes  proportionately  less,  and  the  instrument 
becomes  a  photometer.  By  its  means  photometry  becomes 
much  simplified ;  flames  the  most  diverse  may  readily  be 
compared  between  themselves  or  with  other  sources  of  light ; 
a  "  standard  candle "  can  now  be  defined  as  one  which 
at  X  inches  off  causes  the  radiometer  to  perform  y  revo- 
lutions per  minute,  the  values  of  x  and  y  having  pre- 
viously been  determined  by  comparison  with  some  ascertained 
standard ;  and  the  statement  that  a  gas-light  is  equal  to 
so  many  candles  may,  with  more  accuracy,  be  replaced 
by  saying  that  it  produces  so  many  revolutions. 

To  photographers  the  radiometer  will  be  invaluable.  As 
it  will  revolve  behind  the  orange-coloured  glass  used  for 
admitting  light  into  the  so-called  dark  room,  it  is  only 
necessary  to  place  one  of  these  instruments  in  the  window 
to  enable  the  operator  to  see  whether  the  light  entering  his 
room  is  likely  to  injure  the  sensitive  surfaces  there  exposed  ; 
thus,  having  ascertained  by  experience  that  his  plates  are 
fogged,  or  his  paper  injured,  when  the  revolutions  exceed, 
say,  ten  a  minute,  he  will  take  care  to  draw  down  an  extra 
blind  when  the  revolutions  approach  that  number.  Still 
more  useful  will  the  radiometer  be  in  the  photographic 
gallery.  Placing  an  instrument  near  the  sitter  at  the  com- 
mencement of  the  day's  operations,  it  is  found  that,  to  obtain 
a  good  negative,  the  lens  must  be  uncovered — not  for  a  par- 
ticular number  of  seconds — but  during  the  time  required  for 
the  radiometer  to  make,  say,  twenty  revolutions.  For  the 
remainder  of  the  day,  therefore,  assuming  his  chemicals  not 
to  vary,  the  operator  need  not  trouble  himself  about  the 
variation  of  light ;  all  he  has  to  do  is  to  watch  the  radiometer 
and  expose  for  twenty  revolutions,  and  his  negatives  will  be 
of  the  same  quality,*  although  at  one  time  it  may  have  taken 
five  minutes,  and  at  another  not  ten  seconds,  to  perform  the 
allotted  number. 

*  In  this  brief  sketch  I  omit  reference  to  the  occasions  in  which  the  ultra 
violet  rays  diminish  in  a  greater  proportion  than  the  other  rays. 
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I  have  long  been  experimenting  in  the  endeavour  to  trace 
some  connexion  between  the  movements  of  attraiflion  and 
repulsion  above  alluded  to  and  the  adlion  of  gravitation  in 
Cavendish's  celebrated  experiment.  The  investigation  is  not 
suflBciently  advanced  to  justify  further  details,  but  I  will  give 
here  an  outline  of  one  of  the  results. 

I  find  that  a  heavy  metallic  mass,  when  brought  near  a 
delicately  suspended  light  ball,  attraifls  or  repels  it  under  the 
following  circumstances : — 

I.  When  the  ball  is  in  air  of  ordinary  density. 

a.  If  the  mass  is  colder  than  the  ball,  it  repels  the 

ball. 
6.  If  the  mass  is  hotter  than  the  ball,  it  attracts  the 

ball. 

II.  When  the  ball  is  in  a  vacuum. 

a.  If  the  mass  is  colder  than  the  ball,  it  attracts  the 

ball. 
6.  If  the  mass  is  hotter  than  the  ball,  it  repels  the 

ball. 

The  density  of  the  medium  surrounding  the  ball,  the 
material  of  which  the  ball  is  made,  and  a  very  slight  differ- 
ence between  the  temperatures  of  the  mass  and  the  ball  exert 
so  strong  an  influence  over  the  attradlive  and  repulsive  force, 
and  it  has  been  so  difficult  for  me  to  eliminate  all  interfering 
aiftions  of  temperature,  elcftricity,  &c.,  that  I  have  not  yet 
been  able  to  get  distindl  evidence  of  an  independent  force 
(not  being  of  the  nature  of  heat  or  light)  urging  the  ball  and 
the  mass  together. 

Experiment  has,  however,  shown  me  that,  whilst  the 
action  is  in  one  direction  in  dense  air,  and  in  the  opposite 
direction  in  a  vacuum,  there  is  (as  I  have  already  pointed 
out  in  the  experiments  described  in  the  commencement 
of  this  paper)  an  intermediate  pressure  at  which  differ- 
ences of  temperature  appear  to  exert  little  or  no  inter- 
fering action.  By  experimenting  at  this  critical  pressure, 
and  at  the  same  time  taking  all  the  precautions  which 
experience  shows  are  necessary,  it  would  seem  that  such  an 
adlion  as  was  obtained  by  Cavendish,  Reich,  and  Baily 
should  be  rendered  evident. 

It  is  not  unlikely  that  in  the  experiments  here  recorded 
may  be  found  the  key  of  some  as  yet  unsolved  problems  in 
celestial  mechanics.     In  the  sun's  radiation  passing  through 
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the  quasi  vacuum  of  space  we  have  the  radial  repulsive  force, 
possessing  successive  propagation,  required  to  account  for 
the  changes  of  form  in  the  lighter  matter  of  comets  and 
nebulae,  and  we  may  learn  by  that  aiftion,  which  is  rapid  and 
apparently  fitful,  to  find  the  cause  in  those  rapid  bursts  which 
take  place  in  the  central  body  of  our  system  ;  but  until  we 
measure  the  force  more  exadlly  we  shall  be  unable  to  say  how 
much  influence  it  may  have  in  keeping  the  heavenly  bodies 
at  their  respedlive  distances. 

So  far  as  repulsion  is  concerned,  we  may  argue  from 
small  things  to  great,  from  pieces  of  pith  up  to  heavenly 
bodies ;  and  we  find  that  the  repulsion  shown  between  a  cold 
and  warm  body  will  equally  prevail,  when  for  melting  ice  is 
substituted  the  cold  surface  of  our  atmospheric  sea  in  space, 
for  a  lump  of  pith  a  celestial  sphere,  and  for  an  artificial 
vacuum  a  stellar  void. 

Throughout  the  course  of  these  investigations  I  have 
endeavoured  to  remain  unfettered  by  the  hasty  adoption  of 
a  theory,  which,  in  the  early  stages  of  an  inquiry,  must 
almost  of  necessity  be  erroneous.  Some  minds  are  so  con- 
stituted that  they  seem  impelled  to  form  a  theory  on  the 
slightest  experimental  basis.  There  is  then  great  danger  of  their 
becoming  advocates,  and  unconsciously  favouring  fadls  which 
seem  to  prove  their  preconceived  ideas  and  negledling  others 
which  might  oppose  their  views.  This  is  unfortunate,  for 
the  mind  should  always  be  free  to  exercise  the  judicial 
function,  and  give  impartial  weight  to  every  phenomenon 
which  is  brought  it.  Any  theory  will  account  forsow^  fadls; 
but  only  the  true  explanation  will  satisfy  all  the  conditions 
of  the  problem,  and  this  cannot  be  said  of  any  theory  which 
has  yet  come  to  my  mind. 

My  objedl  at  present  is  to  ascertain  fadls,  var3ring  the 
conditions  of  each  experiment  so  as  to  find  out  what  are  the 
necessary  and  what  the  accidental  accompaniments  of  the 
phenomena.  By  working  steadily  in  this  manner,  letting 
each  group  of  experiments  point  out  the  diredlion  for  the 
next  group,  and  following  up  as  closely  as  possible,  not  only 
the  main  line  of  research,  but  also  the  little  bye-lanes  which 
often  lead  to  the  most  valuable  results,  after  a  time  the  fadls 
will  group  themselves  together  and  tell  their  own  tale ;  the 
conditions  under  which  the  phenomena  invariably  occur  will 
give  the  laws  ;  and  the  theory  will  follow  without  much 
difficulty.  The  eloquent  language  of  Sir  Humphry  Davy 
contains  valuable  advice,  although  in  terms  somewhat 
exaggerated.  He  says, — "  When  I  consider  the  variety  of 
theories  which  may  be  formed  on  the  slender  foundation  of 
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one  or  two  fadls,  I  am  convinced  that  it  is  the  business  of 
the  true  philosopher  to  avoid  them  all  together.  It  is  more 
laborious  to  accumulate  fadls  than  to  reason  concerning 
them  ;  but  one  good  experiment  is  of  more  value  than  the 
ingenuity  of  a  brain  like  Newton's.'' 
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""■''CES     OF     BOOKS. 

The  Origin  of  Creation:  orths  <:  • 

^  Nev,    System    of  NatJ"'^-,  "^  ^«««'  and  F^rr 

To  str^ror'  "°'  '''"^"-     ^°"n1 

doubtless.  ItteVSTKof  ^  '"^'^  "^fo^e  «a  wil,  «       , 
psychological  ohenoll      "  "°*  «  few.    To  un  i*  •    "  *"PPly, 
^e«  as  the  mSst  "»"??"'.*"*•  one  of  the  ZJl  '^   «i™Ply  a 
Tears.  The  cS?LS^"^S  '^  «<>™e  befojf  u^a^ff^  as 
"J  all  the  Sciences   <vr'*e'"*he  great  bulk  of «.,°'  ™any 
and  the  most  "Sent  n'l!^*~"°™y  to  Bidogy    ?""^°wledge 
are  mistaken,  TSs  S!  ^ ^''f «  "^  the  paf^UJ  *  <J«l"sion, 
frrors  and  fa  lacies  e«.   k''  "  *he  most  singular  .n®  P"^sent 
'ngenuity.    If  »«  f„^*'  ^'""eht  together  bv  mo  .''°"*='^'on  of 
native,  ^e  BhJ'll.^l  "gumenfs  sake,  admUthf  ?''«'*  »»"n.an 
two  men  within  th«  i;    •"  *^*  highest  decree  imnil  *?.""«'•  alter- 
J^owledgrsuffident  ?".'  °^  *"  °'dinal^?eS^^*'''f  *»»«*  any 
«verK  branch  of  Sden°'^''"r"*'»te  thJ  fundamen^V''*  ^'^'l"'" 
«rrora  with  truth    %?.'**"?'  e°'ng  still  furthS*  /*\  *"«"  of 
tensive  experience  ^^^  Authors  certainly  lay  cSm''?**^*'  these 

been  built  have,7n'allSf  ,*'l*-^  "P°°  ''hich  theS  ..^hin  ^^"1  ''*- 
personal  obaer^oT;  ■  ^ubjedts  touched  unnn  .  *neones  have 
diving;  in  an  JX  °"*  '"  *=hemistiyrteL«/nK  '  '^®"  based  on 
V'bile  travdL^''°T*  experience  S  coal  K^,'^  ^^  marine 
the  coasTof  IrS/"^  ?"'f  Stream"  Se  calmf°of  t'Sl"^" '  «''°' 
the  Bay  of  I7„„^     .L  ^f^'^o™"*.  and  Mexico  Tif«  ^  ?*  Equator, 

chemical  a«ftin^  !k  ''^®'  **»«  source  of  minH  !u  *^  '°'"*=e  of 
shin.'  Zr  **^tion,  the  cause  of  sHnij^^i.  'nd,  the  cause  «<• 
Mips  compasses,  the  ca»oT  sunlight,  the  cause  of  variari^f  • 
wnds  and  storms  tL^®  °*^  boiler  explosions  the  oo  "  '« 
t'des.  that  miSm  fs  SSSft'  °!,  '''^««^°"'  *«'  Sus^rtK^' 
.^.°^  «  a  semi-minerl!  SSSh  *"*!,  ""Pe^edes  gravitatfon  tK  « 
tne  cause  of  meteo™    V^    ^'^  *nd  not  the  work  of  in^Jk  **» 

not  only  of  metals  butof  J«*    Mrogen  gas  has  the  nm  °*^  *^e 

eS  •  °^  ^«^«*-birmattrr'"  "*i  *f  ^^^S^"  &-»  ha^TiS";!^^* 
e«en8ive  and  important  a^.  cl  ^^  """  admit  is  n  P'O- 
"n'r.  if  substantiated*  wiu"l?ffi°^  discoveries,  and  a  8m«i,  ^^rv 
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remark,  under  which  many  people  worship  their  own  ignorance 
— and  their  own  personal  observation,  without  reference  to  any 
book  whatever,  except  it  may  be  the  Scriptures  1" 

The  reader  looking  over  such  a  list  of  discoveries  and  refuta- 
tions will  naturally  expedl  that  the  book  contains  a  detail  of 
carefully  conducted  experiments  and  observations,  from  which 
the  novel  and  startling  views  of  the  authors  have  been  concluded. 
But  there  is  nothing  of  the  kind.  We  find  assertion,  but  very 
little,  if  an3rthing,  worthy  of  the  name  of  demonstration.  The 
Authors  do  not  argue ;  they  preach.  Whilst  ignoring  all  other 
authority,  they  expedl  their  omoi  to  be  implicitly  accepted. 

Let  us  take,  as  a  specimen  of  the  work,  the  following  passage : 
— "  The  mineral  elements  have  naturally,  as  inherent  elements, 
the  cold  colours,  blue,  black,  and  white ;  while  the  vegetable 
atoms  are  naturally  possessed  of  the  warm  colours,  red,  yellow, 
and  orange.  Of  course  there  appear  to  be  exceptions.  Gold  is 
yellow,  but  it  is  very  scarce,  and  is  prized  accordingly.  Sulphur 
is  yellow  also,  but  it  sheds  a  blue  light  when  burned.  Sometimes 
we  see  blue  flowers  also,  but  they  are  very  rare  indeed." 

The  last  assertion  is  truly  astounding.  What  English  wood 
is  not,  in  spring,  blue  over  with  the  wild  hyacinth  ?  What  clifi 
or  moorland  in  the  north  is  not  gay  in  August  with  the  blue 
harebell  ?  What  river  in  Derbyshire  is  not  bordered  with  the 
blue  forget-me-not?  How  many  hill-sides  in  the  Tyrol  and 
Illyria — as  Mr.  Ruskin  has  eloquently  described — are  clad  with 
the  blue  gentianella  I  A  flax-field  in  flower  is  no  very  rare  sight. 
If  we  turn  from  the  fields  and  the  woods  to  the  garden  we  find 
the  lupin,  the  campanula,  the  monk*s-hood,  the  lobelia,  the  con- 
volvulus (major  and  minor),  the  salvia,  the  crocus,  and  many 
others,  all  bearing  blue  flowers.  Turning  over  the  catalogue 
issued  by  an  eminent  London  firm  of  nurser3anen,  we  find  the 
blue-flowering  plants  form  one-ninth  of  the  species  therein  in- 
cluded. As  the  flowers  were  classified  into  white,  blue,  purple, 
pink,  crimson,  scarlet,  yellow,  orange,  and  brown,  the  blue 
species  hold  numerically  a  fair  average  position. 

Further,  on  the  author's  showing,  white  flowers  ought  also  to 
be  "  very  rare  indeed."  Yet  they  are,  if  possible,  still  more 
abundant  than  the  blue  :  they  accompany  us  all  the  year  round, 
from  the  snowdrop  of  January  to  the  Christmas  rose  of  De- 
cember. 

Sulphur,  the  authors  admit,  *'  is  yellow,"  although  indisputably 
a  mineral  body.  They  seek,  however,  to  dispose  of  this  un- 
pleasant fadl  by  adding  that ''  it  sheds  a  blue  light  when  burned." 
Now  this  is  what,  oh  their  theory,  it  ought  not  to  do.  Sulphur, 
when  burning,  combines  with  oxygen  one  of  their  **  vegetable 
elements,"  the  charadleristic  colours  of  which  we  are  told  are 
"  yellow,  orange,  and  red."  So  that  we  might  expedl,  on  this 
view,  that  its  flame  would  be  red  instead  of  blue.  Iron  and 
copper  pyrites,  which  are  decidedly  not  scarce,  are  yellow,  and 
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have  frequently  been  mistaken  for  gold.  Metallic  copper  is  of 
an  orange-red,  but  assumes  various  shades  of  green  and  blue 
when  oxidised  and  dissolved  in  acids,  which  again  clashes  with 
the  dodlrines  of  this  new  philosophy.  The  compound  of 
chromium  containing  the  largest  proportion  of  oxygen,  per- 
chromic  acid,  is  of  a  deep  blue.  Here,  therefore,  Messrs.  Eraser 
and  Dewar  are  again  at  fault.  It  will  not  avail  jfor  them  to  say, 
**  Of  course  there  appear  to  be  exceptions."  Fadls  are  not  to  be 
set  aside  so  easily,  and  it  is  with  fadls,  as  we  see,  not  with 
theories,  that  the  views  of  the  authors  refuse  to  agree. 

As  might  be  expedled,  the  authors  indulge  in  an  attack  on 
Mr.  Darwin's  **  Origin  of  Species,"  and  fancy  that  they  have  re- 
futed it.  By  way  of  compensation  they  believe  in  Abiogenesis, 
and  take  M.  Pasteur  to  task  for  the  imperfedlion  of  his  experi- 
ments undertaken  to  refute  the  notion  of  spontaneous  generation. 

On  p.  163  we  read : — "  It  may  account  for  the  Scotch,  as  a 
people,  being  so  little  troubled  with  indigestion,  that  the  food, 
especially  of  the  poorer  classes,  is  mainly  composed  of  oatmeal, 
salt  fish,  and  cheese."  Is  this  said  in  earnest  or  by  way  of  a 
joke  ?  Most  people  find  by  experience  that  salt  fish  and  cheese 
are  decidedly  indigestible, 

The  Authors  promulgate,  also,  a  system  of  medicine.  Turning 
to  Chapter  xxix.,  in  the  hope  of  meeting  with  some  new  light 
thrown  upon  diseases  and  their  remedies,  we  find  merely  a 
recommendation  of  hot  water,  purgatives,  and  '*  in  urgent  cases, 
an  emetic."  Without  at  all  questioning  the  value  of  these 
agencies,  we  submit  that  they  are  nowise  novel.  Morison,  the 
•*  Hygienist,"  long  ago  proclaimed  **  proper  vegetable  purgation" 
to  be  the  remedy  for  every  disease.  The  **  life-pills,"  one  and 
all,  which,  with  such  touching  faith,  the  British  public  has  bolted 
for  the  last  half  century,  are  purgatives  likewise.  What  prospedl 
of  success  remains,  then,  for  Dr.  Fraser  and  Mr.  Dewar  ? 

The  Authors  seem  to  believe  that  they  have  the  misfortune  to 
be  "too  far  in  advance  of  their  day  and  generation."  We 
should  rather  consider  them  as  altogether  off  the  right  track — 
hopelessly  and  helplessly  astray :  they  seem  to  us  loose,  hasty, 
careless  observers,  and  random  theorists.  We  do  not  deny  that, 
owing  to  the  imperfedlion  of  language,  many  of  the  statements 
here  laid  down  might  be  long  defended  on  paper ;  but  verbal  dis- 
cussion is  not  the  ordeal  which  scientific  theories  have  in  these 
days  to  undergo:  they  must  legitimatise  themselves  by  co- 
ordinating fadls  hitherto  unexplained  and  anomalous,  and  by 
pointing  the  way  to  phenomena  as  yet  undete<5led.  If  we  may 
venture  to  suggest  anything  to  authors  who  are  on  such  excellent 
terms  with  themselves,  we  would  advise  them  to  take  up  some 
one  subjedl  out  of  the  many  broached  in  their  work,  and  try  what 
they  can  do  with  it.  Let  them  prove,  for  instance,  that  colour  is 
inherent  in  objedls  themselves,  and  does  not  depend  on  the  light 
by  which  they  happen  to  be  illuminated.     Or,  turning  from  the 
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sphere  of  theory  to  that  of  pra<5lice,  let  them  complete  their 
magnetic  machine  and  demonstrate  its  superiority  to  the  steam- 
engine.  Let  them  thus  strike  a  death-blow  at  the  rampant 
**  coal  interests,'*  and  the  only  danger  will  be  that  the  public  will 
accept  their  hypotheses  without  asking  for  verification. 


A  Manual  of  Hygiene,  Public  and  Private,  and  Compendium  of 
Sanitary  Laws.  By  C.  A.  Cameron,  Ph.D.,  M.D.,  &c. 
Dublin :  Hodges,  Foster,  and  Co.  London :  Bailliere, 
Tindall,  and  Cox. 

This  work  is  certainly  a  valuable  addition  to  our  sanitary  litera- 
ture. It  is  addressed  not  merely  to  medical  men,  chemists, 
officials,  and  others  who  may  have  a  special  or  professional  inte- 
rest in  matters  relative  to  public  health,  but  to  the  community 
in  general.  As  such  we  trust  that  it  will  powerfully  aid  in  cre- 
ating a  sound  public  opinion  on  matters  which,  hitherto,  in  spite 
of  much  talk,  have  been  pradlically  negledled.  Without  wishing 
to  play  the  part  of  alarmists,  we  must  assert  that  this  negledl  is 
imprudent  in  the  extreme.  We  are  too  much  in  the  habit  of 
assuming  that  those  fearful  outbreaks  of  pestilence  which  ravaged 
Europe  in  the  Middle  Ages  are  now  out  of  the  question.  The 
Author,  after  giving  a  brief  account  of  the  dreadful  plague  of  the 
fourteenth  century,  remarks : — **  I  wish  to  diredl  attention  to 
these  almost  forgotten  calamities,  because  they  are  calculated  to 
teach  us  important  lessons.  Are  we  sure  that  we  are  safe  from 
another  visitation  of  the  black  death  ?  There  are  epidemiolo- 
gists who  believe  that  the  germs  of  this  disease  still  linger 
amongst  the  deep  valleys  of  the  Himalayas,  and  that  they  may 
yet  be  wafted  to  Europe.  If  such  an  event  should  ever  unfortu- 
nately take  place,  I  fear  that  in  some  of  our  towns  the  virus  of 
the  disease  would  find  a  congenial  soil.*'  He  states  that  the 
Legislature  is  taking  adlive  measure  to  improve  the  sanitary 
condition  of  towns.  We  fear  that  in  this  respecSl  he  forms  a  too 
favourable  view,  both  of  the  present  and  the  future.  The  recent 
A6i,  by  which  a  new  lease  of  life  was  granted  to  the  London 
slaughter-houses,  was  certainly  a  step  in  the  wrong  direction. 
On  the  water-supply  of  towns  we  meet  with  much  valuable  in- 
formation. Dr.  Cameron  very  judiciously  doubts  the  safety,  as 
well  as  the  economy,  of  Mr.  Bailey  Denton*s  plan  of  furnishing 
villages  and  small  towns  with  good  water  by  a  system  of  shallow 
wells  and  pools.  The  Author  considers  that  ''in  seasons  of 
drought  and  heat  the  water  of  such  shallow  ponds  as  those  pro- 
posed by  Mr.  Denton  would  become  greatly  deteriorated  in 
quality." 

Like  all  chemists  who  have  given  the  matter  a  really  fair  and 
unprejudiced  examination,  Dr.  Cameron  considers  that  the  pro- 
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cess  of  Wanklyn  and  Chapman  is  the  only  pradlical  mode  of 
water  analysis  for  sanitary  purposes.  But  he  points  out  that 
though  waters  containing  much  organic  nitrogen  are  certainly 
bad,  those  containing  little  are  not  necessarily  good.  He  men- 
tions a  public  pump  in  Waterford,  the  water  of  which  contained 
more  than  4  grs.  of  ammonia  and  3  of  nitric  acid  per  imperial 
gallon.  The  question  is  sometimes  asked  by  the  unthinking, 
why,  if  polluted  waters  are  so  injurious,  our  ancestors,  who  were 
more  ignorant  and  careless  of  such  matters  than  ourselves,  were 
not  entirely  extirpated  ?  The  answer  is  at  once  apparent : — ^The 
pollution  of  water  increases  with  the  density  of  the  population, 
— a  process  which  is  at  this  moment  going  on  in  a  most  striking 
manner  in  some  of  the  New  England  states. 

In  speaking  of  the  sewage  question,  Dr.  Cameron  remarks 
that  the  ABC  process  has  failed.  We  fear  that  he  makes  this 
rash  statement  on  the  misleading  authority  of  the  late  **  Rivers' 
Pollution  Commissioners."  Had  he  taken  the  trouble  to  examine 
into  the  matter  himself,  he  would  have  come  to  a  very  different 
conclusion. 

We  can  most  sincerely  recommend  this  Manual  to  officers  of 
health,  public  analysts,  municipal  corporations,  boards  of 
guardians,  and,  in  short,  to  all  whose  duties  involve  a  knowledge 
of  sanitary  conditions,  sanitary  reform,  and  sanitary  legislation. 


The  Identity  of  Primitive  Christianity  and  Modern  Spiritualism. 
By  Eugene  Crowell,  M.D.  Vol.  I.  New  York :  G.  W. 
Carleton  and  Co.     London  :  TrQbner  and  Co. 

To  pass  any  formal  judgment  upon  this  work,  without  having  pre- 
viously made  Spiritualism  the  objedl  of  exclusive  study,  would  be 
at  once  difficult  and  unfair.  Not  feeling  so  qualified,  we  must  be 
content  with  attempting  to  furnish  a  brief  exposition  of  the 
author's  views,  without  either  advocacy  on  the  one  hand  or  refu- 
tation on  the  other.  There  are  here  a  certain  number  of  pheno- 
mena* What  is  their  explanation  ?  By  the  majority  of  the 
educated  world,  including  most  men  of  science,  all  so-called 
materialists  (apneumatists),  and  the  bulk  of  practical  **  common- 
sense  charadlers,"  they  are  set  down,  often  with  little  inquiry,  as 
a  mixture  of  delusion  and  of  conscious  imposition.  A  small 
class,  whilst  believing  that  the  subjedl  has  been  greatly  compli- 
cated both  by  fraud  and  by  enthusiasm,  hold  that  there  still 
remains  a  substratum  of  fadls  which,  if  rightly  dealt  with,  might 
point  the  way  to  natural  laws  of  the  profoundest  significance, — 
perhaps  to  some  modification  of  force  far  more  nearly  connedled 
with  the  phenomena  of  life  than  is  ele<5^ricity  or  magnetism.  A 
third  party — among  whom  rank,  perhaps,  the  majority  of  ortho- 
dox clergymen  and  the  bulk  of  '*  religious  society" — view  the 
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phenomena  in  question  as  real  and  authentic,  but  as  infernal  in 
their  charadler  and  origin.  Lastly,  spiritualists,  including  the 
author  of  the  book,  ascribe  the  incidents  described  to  the  agency 
of  disembodied  human  spirits. 

Dr.  Crowell  addresses  himself  in  particular  to  the  third  class, 
and  seeks  to  combat  their  obje<5^ions.  He  dedicates  his  book 
*'  To  all  liberal  minds  in  the  Christian  churches  who  are  disposed 
to  welcome  new  light  upon  the  spirituality  of  the  Bible,  even 
though  it  may  proceed  from  an  unorthodox  source,  and  who  dare 
weigh  and  consider,  even  though  they  may  rejedl,  the  claim 
herein  made  for  the  unity  of  the  higher  teachings  of  modern 
Spiritualism  with  those  of  early  Christianity."  He  contends 
that  the  revelations  of  Spiritualism  are  the  great  and  needed 
remedy  against  the  development  of  Materialism,  against  which 
the  Church  has  been  powerless,  on  account  of  her  unbelief  in 
*'  spiritual  gifts."  These  gifts,  claimed  by  the  early  Christians, 
he  urges,  have  not  ceased,  as  Protestants  suppose,  but  are  still 
exercised.  Spiritualism,  therefore,  is  no  novelty,  but  merely  a 
re-manifestation  of  powers  familiar  to  the  first  teachers  of 
Christianity,  and  which,  though  obscured  and  negledled  in  suc- 
ceeding centuries,  has  never  ceased  to  exist.  '*  I  shall  attempt,'^ 
he  writes,  **  to  prove  the  genuine  chara(5ter  of  the  so-called 
miracles  of  the  Bible  by  evidence  as  strong  as  that  required  to 
decide  the  most  important  cases  in  our  courts  of  law,  by  esta- 
blishing the  fadl  of  the  occurrence  of  similar  miracles  in  our  day 
constantly  occurring  in  our  midst,  and  which  may  be  witnessed 
by  all,  and  have  been  witnessed  by  thousands  of  persons  of 
greater  intelligence  than  most  of  those  who  witnessed  the  Bible 
miracles,  and  upon  whose  testimony  these  depend  for  credibility ; 
and  while  I  contend  for  equal  credibility  for  both  those  which  are 
recorded  in  the  Bible  and  those  which  are  now  occurring,  I  shall 
be  able  to  show  that  the  different  manifestations  at  the  present 
time  are  fully  as  wonderful  as  those  in  ancient  times,  and  that 
whereas  they  were  little  understood  then,  they  are  far  better 
understood  now." 

As  arguments  against  the  asserted  diabolical  origin  of  Spiritu- 
alism, he  contends  that  it  has  effedled  numerous  conversions 
from  Atheism,  from  Deism  to  Christianity,  and  from  Unitarianism 
to  orthodoxy.  He  maintains  that  Spiritualism  has  an  elevating 
and  purifying  effedl  upon  the  inner  life,  and  proclaims  it  to  be 
simply  *'  Christianity  minus  the  framework  of  the  ecclesiastical 
strudlure, — that  is,  Christianity  stripped  of  the  terrors  with 
which  superstition  and  error  have  invested  it." 

In  support  of  these  views  Dr.  Crowell  displays  great  learning 
and  research,  and  no  small  degree  of  acumen.  Of  his  thorough 
sincerity  the  work  seems,  to  us,  to  contain  abundant  evidence. 
But  in  how  far  his  interpretation  of  certain  passages  of  the  Old 
and  New  Testaments  will  be  admitted,  by  competent  authorities, 
we  entertain  some  doubt.    Nor  do  we  think  that  his  compara- 
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tivcly  low  estimate  of  the  Old  Testament  will  greatly  aid  him  in 
his  attempts  at  reconciling  Spiritualism  with  Christianity. 

The  whole  question  is  one  which  obviously  demands  a  broader, 
a  more  profound,  and  a  calmer  investigation  than  it  has  yet 
received.  We  fail  to  see  what  good  end  can  be  served  by  refusing 
such  an  inquiry,  and  by  ridiculing  scientific  men  who  approach 
it  in  an  impartial  spirit. 


The  Blowpipe  :  a  Guide  to  its  Use  in  the  Determination  of  Salts 
and  Minerals.  Compiled  from  Various  Sources,  by  G.  W. 
Plympton.  New  York :  D.  -Van  Nostrand.  London  : 
Triibner. 

This  manual  does  not  profess  to  be  an  original  work.  The 
first  two  parts,  as  we  are  told  in  the  preface,  **  have  been  adapted, 
with  but  few  emendations,  from  the  work  of  Sheerer  and  Blan- 
ford.  The  alterations  have  chiefly  been  in  the  chemical  symbols, 
the  new  nomenclature  replacing  the  old."  Symbols,  of  course, 
are  invaluable  where  decompositions  have  to  be  explained,  but 
we  certainly  do  not  see  their  utility  in  analytical  manuals.  When 
sesquioxide  of  chromium  is  mentioned,  the  Author's  meaning 
would  be  fully  understood  without  the  addition  of  (CraOg). 

The  third  part  of  the  work  is  said  to  be  translated  from 
Gueront's  **  Guide  Pratique  pour  la  Determination  des  Mine- 
raux,"  which  was  originally  written  by  Fuchs,  of  Heidelberg. 
We  do  not  perceive  anything  erroneous  or  objecflionable  in  the 
instrudlions;  given,  and  we  have  no  doubt  that  the  work  will 
prove  useful  to  students. 


A  Manual  of  Metallurgy.  By  William  Henry  Greenwood, 
F.C.S.,  &c.  Vol.  1. — Fuel,  Iron,  Steel,  Tin,  Antimony, 
Arsenic,  Bismuth,  and  Platinum.  Illustrated  by  59  En- 
gravings. London  and  Glasgow :  William  Collins,  Sons, 
and  Co.     1874. 

Among  the  various  branches  of  pure  and  applied  Science  in 
which  the  Department  of  Science  and  Art  hold  annual  examina- 
tions, Metallurgy  has  for  many  years  held  a  place,  although  the 
number  of  candidates  for  examination  on  this  subjedl  is,  as  might 
be  expedled,  invariably  small.  Indeed  it  is  difficult  to  see  how 
the  student  can  obtain  the  necessary  information  on  this  branch 
of  Science,  since  our  standard  works  on  Metallurgy  are,  for  the 
most  part,  beyond  the  reach  of  the  class  of  students  with  whom 
the  South  Kensington  system  chiefly  deals.  It  was  therefore 
highly  desirable  that  a  cheap  and  trustworthy  text-book  should 

VOL.    V.  (K.S.)  2Z 


362  Notices  of  Books.  [July, 

But  we  can  go  further :  animals  do  discern  the  presence  of 
number  in  things  around  them.  The  Rev.  J.  G.  Wood,  in  his 
interesting  work  ^*  Man  and  Beast/*  gives  a  case  of  a  dog  whom 
his  master,  when  drunk,  had  cruelly  and  unjustly  beaten.  The 
dog,  after  this,  watched  his  master's  potations,  and  as  soon  as  it 
saw  him  take  the  fourth  glass  it  invariably  hid  itself,  and  kept 
out  of  the  way  till  he  was  sober. 

Another  instance,  still  more  decisive,  is  the  following: — A 
man  wishing  to  shoot  a  crow  which  had  her  nest  in  a  hollow 
near  the  top  of  a  high  tree,  concealed  himself  in  an  outhouse 
close  at  hand,  and  waited  for  her  to  fly  out.  She  remained  con- 
cealed, however,  till  he  had  gone  away.  He  then,  to  puzzle  her, 
got  another  man  to  come  with  him  into  the  shed,  and  go  away 
after  a  time.  Still  she  refused  to  come  off  her  nest.  Larger  num- 
bers of  men  were  then  tried  ;  but  it  was  not  until  seven  men  had 
gone  in  and  six  came  away,  leaving  one  behind,  that  her  arith- 
metic failed  her,  and  she  was  shot.  Bitches,  whose  puppies 
have  been  removed  and  brought  b^ck,  have  been  observed 
examining  the  lot  with  a  puzzled  air,  as  if  in  doubt  whether  the 
whole  brood  had  been  returned.  The  same  phenomenon  has 
been  remarked  with  cats  and  their  kittens.  These  fadls,  we 
submit,  prove  that  animals  can,  though  but  to  a  small  extent, 
recognise  number.  The  crow  saw  that  six  was  greater  than  five. 
The  dog  could  count  up  to  four,  or,  in  other  words,  could  perform 
a  simple  addition  sum  to  that  extent.  This  is  very  little  less 
than  what  we  observe  among  savages,  some  of  whom  can  barely 
count  as  far  as  seven.  The  difference  between  man  and  beast, 
as  far  as  number  is  concerned,  is  therefore  one  of  degree,  not  of 
kind,  and  Mr.  Girdlestone's  argument  must  be  set  aside  as  null 
and  void. 

The  Author  seems  not  "  to  conceive  it  possible  that  quadrupeds 
might,  in  the  course  of  long  ages,  become  bipeds."  Were  there 
no  mammalian  forms  on  earth,  living  or  fossil,  save  Hodge  the 
ploughboy  and  Dobbin  his  horse,  some  difficulty  might  be  expe- 
rienced. But  if  we  survey  the  whole  mammalian  series  we  per- 
ceive that  the  nearer  we  approach  man  the  more  the  anterior 
extremities  lose  the  characfler  and  fun(5lions  of  legs,  and  assume 
those  of  arms.  Place  side  by  side  the  arm  of  Hodge,  the  ante- 
rior limb  of  a  gorilla  and  the  fore  leg  of  Dobbin,  and  no  one  can 
deny  that  the  two  former  terminate  in  hands,  and  that  the  difference 
between  them  is  trifling  indeed  compared  to  the  contrast  between 
the  two  latter. 

Whilst  holding,  however,  that  Mr.  Girdlestone  has  signally 
failed  in  proving  his  case,  we  consider  that  he  deserves  the 
thanks  of  naturalists  for  having  drawn  attention  to  a  point 
which  in  their  studies  of  animal  intelligence  has  been  too  much 
ncglecled. 
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An  Experimental  Inquiry  into  the  Nutrition  of  Animal  Tissues. 
By  William  Marcet,  M.D.,  F.R.S.  London :  Longmans 
and  Co. 

The  nature  of  this  interesting  memoir  may  best  be  shown  by  a 
brief  sketch  of  the  conclusions  at  which  the  author  has  arrived. 
He  holds  that  there  is  a  safe  ground  for  believing  that  the 
elementary  constitution  of  muscle  and  other  animal  tissues 
is  similar  to  that  of  a  jelly,  with  this  distinction — that  its 
fibrinous  or  cellular  form  gives  it  due  tenacity  for  the  performance 
of  its  fundlions,  but  its  water,  albumen,  and  other  constituents, 
hold  the  same  physical  relation  as  would  water  to  gelatine  in 
jelly.  All  tissues  are  formed  of  three  different  classes  of  sub- 
stances,— those  which  constitute  the  ripe  tissue,  or  the  portion 
insoluble  in  water ;  those  constituting  the  nutritive  material  of 
the  tissues  which  are  soluble  in  water,  and  colloid ;  and,  lastly, 
the  effete  material  which  is  also  soluble  but  crystalloid,  and  con- 
sequently diffusible.  In  chemical  composition  the  nutritive 
material  and  mature  tissue  do  not  differ,  the  change  being  simply 
morphological,  and  consisting  in  the  assumption  of  an  organised 
form.  The  whole  of  the  phosphoric  acid  in  muscular  tissue  is 
eliminated  either  as  neutral  tribasic  phosphate  or  as  pyro- 
phosphate of  potash.  In  flesh  there  exist,  however,  certain 
amounts  both  of  phosphoric  acid  and  of  potash,  which  are  not 
in  the  proportions  of  any  known  phosphate,  and  which  take  part 
exclusively  in  the  adlual  formation  of  the  mature  tissue.  The 
albuminous  constituents  of  muscular  tissue  appear  to  be  elimi- 
nated in  the  process  of  waste,  in  the  state  of  kreatin,  kreatinin, 
and  other  crystalloid  bodies.  Blood  yields  to  flesh  considerably 
more  potash  than  is  adlually  required  in  the  formation  of  mus- 
cular tissue,  the  excess  serving  to  eliminate  the  phosphoric  acid 
by  converting  it  into  a  crystalloid  salt.  In  the  lungs,  however, 
Mr.  Marcet  thinks  there  is  good  reason  to  believe  that  the  potash 
is  eliminated,  not  exclusively  as  phosphate,  but  to  a  great  extent 
as  a  crystalloid  carbonate,  in  consequence  of  the  carbonic  acid 
emitted  from  the  blood  whilst  passing  through  the  lungs.  The 
effete  material  in  the  muscles  contains  phosphoric  acid  and  pot- 
ash, in  the  respedlive  proportions  of  43  and  57 ;  that  in  the  lungs 
in  the  proportion  of  11*32  to  88*68. 

He  finds  that  wheat  flour,  potato,  and  rice  contain  certain 
amounts  of  colloid  phosphoric  acid  and  colloid  potash,  which  in 
these  three  kinds  of  vegetables  exist  nearly  in  the  proportions  of 
I  part  of  total  phosphoric  acid  to  0*55  of  colloid  phosphoric  acid, 
and  I  part  of  total  potash  to  0*24  of  colloid  potash.  This  state- 
ment is  based  on  the  following  experiment : — "  100  grammes  of 
wheat  flour  were  mixed  with  enough  distilled  water  for  the  whole 
to  be  nearly  liquid  :  this  was  placed  in  a  dialyser,  which  was 
floated  for  24  hours  over  a  bulk  of  water  equal  to  8  or  10  times 
that  of  the  contents  of  the  dial\scr  :  tl^t;  volumes  of  the  contents 
of  the  dialyser  and  01  the  solution  oiUbidc  were  then  determined. 
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The  material  in  the  dialyser  was  next  dried  and  incinerated »  and 
the  ash  analysed  for  the  determination  of  the  phosphoric  acid 
and  potash.  On  the  other  hand,  a  certain  quantity  of  flour  was 
carefully  incinerated,  and  the  phosphoric  acid  and  potash  were 
determined  in  the  ash.  A  corre<5lion  had  to  be  introduced  into 
the  analysis  by  diffusion,  owing  to  the  colloid  mass  still  holding 
a  proportion  of  diffusible  phosphoric  acid  and  potash,  depending 
on  the  relation  existing  between  the  volumes  of  fluid  in  and  out 
of  the  dialyser." 

We  fear  that  this  process  is  open  to  a  serious  obje(5lion. 
Analysis  of  the  material  in  the  dialyser  will  show  not  merely  the 
phosphoric  acid,  soluble,  though  in  a  colloid  state,  but  also  what* 
ever  phosphoric  acid  may  exist  in  a  state  insoluble  in  water, 
such  as  the  phosphates  of  lime  and  magnesia.  Before  assuming 
any  of  the  residual  phosphoric  acid  to  be  in  a  colloid  state,  it 
seems  necessary  to  show  that  it  is,  in  part  at  least,  soluble. 

Passing  over  the  Author's  views  on  the  modifications  of  the 
nutritive  process  in  phthisis,  we  come  to  what  may  be  regarded 
as  the  final  summary  of  his  investigations  : — **-That  in  Nature 
soluble  matter  is  undergoing  a  perpetual  transformation, — passing 
in  rotation  from  the  crystalloid  into  the  colloid,  and  from  the 
colloid  into  the  crystalloid  condition.  Animal  secretions  and  the 
produ<5ls  of  decomposition  of  animal  and  vegetable  tissues  are 
crystalloid,  admitting  of  their  ready  distribution  through  land 
and  water  by  a  physical  process  of  diffusion.  These  crystalloid 
substances  are  transformed  into  colloids  by  plants,  and  used  in 
that  form  as  food  for  animals ;  and  both  plants  and  animals  yield 
them  back  again  in  their  original  crystalloid  condition.  Chloride 
of  sodium  alone  appears  to  be  an  exception  to  this  rule." 

To  a  very  considerable  extent  this  generalisation  must  be  re- 
garded as  well  founded.  The  chief  constituents  of  food — 
albumen,  fibrin,  casein,  gelatin,  glucose — are  undoubtedly  colloid. 
Ladlose,  indeed,  which  is  a  truly  crystalloid  substance,  is  a 
necessary  of  life  to  the  young  of  all  mammalian  animals.  On 
the  other  hand,  the  excretions  are  rich  in  compounds  admittedly 
crystalline. 


LaTerreVegetale.  Geologic  Agricole.   Par  Stanislas  Meunier, 
Paris :  J.  Rothschild. 

We  have  here  a  terse,  plain,  and  lucid  manual  of  agricultural 
geology,  with  especial  reference  to  the  nature  and  formation  of 
the  vegetable  soil.  The  main  materials  of  mould — sand,  clay, 
lime,  and  humus — are  described,  and  their  fundlions  pointed  out. 
Plain  instrudlions  are  given  for  a  physical  analysis  of  soils,  fol- 
lowed by  a  description  of  the  various  types  of  mould,  such  as 
the  loamy,  the  clayey,  &c 

In  the  second  part  the  Author  explains  the  formations  of  soils. 
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which  he  divides  into  local, — 1.«.,  such  as  are  produced  on  the 
spot  where  they  are  found  by  the  decomposition  of  rocks, — and 
soils  of  transport f — the  deltas,  polders,  and  warps  brought  down 
by  rivers,  and  deposited  at  their  mouths  or  along  their  banks. 
In  some  parts  of  the  world,  especially  in  Mexico  and  the  island 
of  Candia,  transported  soils  are  met  with  which  appear  due  to 
the  adlion  of  wind  rather  than  to  that  of  water. 

Turning  from  theory  to  pradlice,  the  Author  next  treats  of  the 
amelioration  of  soils.  He  follows  the  useful  French  custom  of 
dividing  the  substances  which  the  farmer  may  have  occasion  to 
add  to  his  fields  into  two  great  classes,  amendments  or  cor- 
rectives, and  manures,  properly  so-called.  Under  the  former 
head  he  ranks  lime,  marl,  clay,  and  even  water,  whether  the 
latter  is  added  by  irrigation  or  withdrawn  by  drainage.  The 
circumstances  under  which  these  operations  are  necessary,  and 
the  effedls  produced,  are  well  described.  The  proportion  of  lime 
used  in  France  appears  to  be  only  one-fourth  to  one-fifth  of  the 
quantity  applied  to  the  same  surface  in  England.  Irrigation,  as 
the  Author  judiciously  points  out,  produces  more  beneficial 
effei^s  in  Southern  France  and  in  Italy  than  in  colder  and 
moister  climates.  On  the  other  hand,  it  is  in  the  latter  that  the 
results  of  drainage  are  most  conspicuous.  In  treating  of  mine- 
ral manures  the  Author  reminds  his  readers  of  a  truth  too  often 
overlooked, — i.e.,  that  a  manure  cannot  prove  uniformly  and 
equally  beneficial  upon  all  soils  and  under  all  circumstances. 
Thus,  a  phosphatic  manure  will  be  found  useless  in  situations 
where  the  sub-soil  3delds  a  supply  of  phosphoric  acid  equal  or 
superior  to  the  amount  annually  withdrawn  by  the  crops. 

A  valuable  feature  of  the  work  is  an  agricultural  map  of 
France,  drawn  up  by  M.  A.  Delesse,  Professor  of  Agriculture  at 
the  Ecole  des  Mines,  This  map  shows  not  merely  the  respedlive 
amounts  of  land  under  the  plough,  and  occupied  by  vines, 
forests,  and  meadows,  but  it  indicates  the  average  returns  per 
he(5lare  in  different  parts  of  the  country.  It  appears  that  only 
6  per  cent  of  the  land  in  France  yields  a  net  return  exceeding 
80  francs  per  hedlare ;  10  per  cent  yields  revenues  ranging  from 
80  to  60  francs  per  hedlare ;  in  20  per  cent  the  returns  range 
from  60  to  40 ;  in  44  per  cent  the  yield  is  comprised  between 
40  and  20  francs  per  hedlare ;  whilst  in  20  per  cent  the  proceeds 
of  cultivation  range  between  20  francs  and  nothing.  If  we 
consider  that  a  he(5lare  is,  pradlically  speaking,  2i  statute 
English  acres,  we  must  admit  that  there  still  remains  great  room 
for  improvement.  The  woodlands  are  stated  as  yielding  a  nett 
average  return  of  20  francs  per  hecflare ;  arable  lands,  42 ;  vine- 
yards, 69 ;  meadows  and  pastures,  72 ;  and  gardens,  120. 

This  work  is  a  valuable  addition  to  the  series  of  agricultural 
and  horticultural  manuals  with  which  the  name  of  the  publisher 
is  honourably  associated. 
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Report  of  the  Commissioners  of  Agriculture  for  the  Year  1872. 
Washington-:  Government  Printing  Office. 

Without  pleading  guilty  to  a  wish  to  "  Americanise  "  our  insti- 
tutions, we  cannot  help  pointing  out,  as  a  feature  worthy  of 
imitation,  the  accessibility  in  the  United  States  of  all  kinds  of 
official  reports,  whether  of  Government  departments,  municipal 
boards,  &c.  Documents  of  such  kinds  are  to  be  met  with  in  all 
literary  institutions,  public  libraries,  &c.,  and  fall  into  the  hands 
of  every  newspaper  editor.  As  a  consequence,  the  valuable  in- 
formation which  they  contain  is  disseminated  over  the  whole 
country. 

The  volume  before  us  contains  the  statistical  reports  of  the 
principal  crops  in  every  State  of  the  Union,  showing  the  total 
amount  of  crop,  average  per  acre,  number  of  acres  in  each  crop, 
value  per  bushel,  ton,  or  pound,  and  total  valuation.  There  is  a 
Report  on  the  forests  of  the  United  States.  Contrary  to  general 
opinion,  the  area  of  forest  bears  a  smaller  proportion  to  the  total 
area  of  the  country  in  the  United  States  than  in  Russia,  Norway, 
Sweden,  and  probably  in  Germany.  Reports  of  the  exports  .of 
agricultural  produce  are  given  in  great  detail. 

The  Report  of  the  Entomologist  and  Curator  of  the  Museum 
gives  very  interesting  fadts  concerning  the  ravages  of  Anarsid 
lineatella,  Araocerus  prunella,  Romalea  microptera,  and  other  of 
the  insedl  pests  with  which  the  American  farmers  are  greatly 
exercised.  A  decodlion  of  the  berries  and  leaves  of  the  pride  of 
China  {Melia  azedarach)  has  been  recommended  as  an  insedlicide^ 
but  no  mention  is  made  of  Pyrethrum  roseum  and  carneum,  so 
much  extolled  in  some  parts  of  the  world  as  the  sovereign  remedy 
for  mosquitoes  and  sand-flies. 

The  Chemist  to  the  Department  g^ves  the  analysis  of  a  number 
of  natural  fertilisers,  among  which  we  may  mention  a  marl  from 
Glymont,  Maryland,  containing  4*41  per  cent  of  tri basic  phos- 
phate of  lime,  and  another  phosphatic  marl  from  Charleston, 
containing  16*34  percent  of  insoluble,  besides  1-38  percent  of 
soluble,  phosphoric  acid.  The  "  poison-soils  "  of  Dallas  county, 
Texas,  are  charadlerised  by  the  entire  absence  of  sulphur-com- 
pounds and  the  large  proportion  of  humus  in  insoluble  states. 
Cotton,  fruit-trees,  and  root-crops  invariably  perish  if  planted  in 
this  soil.  The  chemist  suggests,  in  our  opinion  quite  corre(flly, 
thorough  under-drainage,  sub-soil  breaking,  and  a  heavy  dressing 
of  lime  and  gypsum.  *  The  paper  on  the  refusfe  of  cities  and 
towns  is  worth  careful  perusal,  trite  as  the  subjedt  has  become. 
Mention  is  made  of  the  pneumatic  system  of  Liernur  as  worthy 
of  more  careful  attention  than  it  has  yet  received. 

The  work  throughout  is  a  perfect  store-house  of  valuable 
information  for  all  who  are  diredlly  or  indirecflly  interested  in 
agriculture. 
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Report  of  the  Sanitary  Committee  of  the  Board  of  Health  on  the 
Concentration  and  Regulation  of  the  Business  of  Slaughtering 
Animals  in  the  City  of  New  York.  New  York  :  D.  Appleton 
and  Co. 

We  learn  from  this  Report  that  New  York,  like  London,  suffers 
from  the  nuisance  of  intramural  slaughter-houses.  There  are, 
in  one  distridl  of  the  city,  fifty-four  of  these  establishments,  **  for 
the  most  part  of  the  cheapest  construc5lion ;  the  yards  roughly 
paved,  the  sewerage  imperfedl,  and  the  means  of  cleansing  of 
the  most  imperfedl  charadler."  As  a  necessary  consequence 
there  are,  in  the  immediate  neighbourhood,  **  large  numbers  of 
establishments  devoted  to  fat-melting,  lard-rendering,  hide-curing, 
gut-cleaning,  tripe-curing,  glue-making,"  and  other  unsavoury 
trades.  The  reason  why  these  foci  of  fever  and  zymotic  disease 
are  thus  concentrated  in  a  certain  distridl  is  one  from  which  we, 
in  London,  may  learn  an  important  lesson.  "  The  slaughter- 
houses have  occupied  the  area  described  since  1868,  when  they 
were  removed  from  above  40th  Street  by  the  Metropolitan  Board 
of  Health.  At  that  time  this  sedlion  of  the  city  was  sparsely 
settled,  and  the  Board  allowed  them  to  locate  above  the  street 
described  without  regard  to  the  inevitable  wants  of  the  rapidly 
increasing  population.*'  Hence  those  interested  in  the  nuisance 
now  assert  that  **  having  removed  their  business  above  40th  Street 
in  obedience  to  the  orders  of  the  Board  of  Health,  in  1868,  and 
having  permits  to  occupy  their  present  locations,  this  Board  is 
bound  in  good  faith  not  again  to  remove  or  disturb  the  business 
of  the  remonstrants."  Is  not  this  exadlly  analogous  to  the  posi- 
tion of  London  as  regards  the  burial  of  the  dead  ?  The  old  City 
churchyards  have  been  closed,  and  the  suburban  cemeteries, 
foolishly  permitted  to  be  laid  out  in  elevated  localities,  are  fast 
becoming  an  equal  nuisance. 

The  New  York  Sanitary  Committee  propose  the  abolition  of 
private  slaughter-houses  in  totOy  ai^d  the  opening  of  public 
abattoirs,  where  all  cattle  will  be  slaughtered  under  ofBcial  in- 
spedlion.  Such  a  step,  in  addition  to  its  diredl  sanitary  adlion, 
would  abolish  the  driving  of  infuriated  oxen  through  crowded 
streets,  needless  cruelty  in  slaughtering,  the  introdudlion  of 
diseased  and  putrid  meat  into  the  markets,  and  a  long  array  of 
subsidiary  evils.  We  fear  that  London  is  farther  from  reform 
in  this  point  than  New  York.  Recent  legislation  seems  to  have 
given  a  new  lease  to  these  nuisances. 


The  Safe  Use  of  Steam,  containing  Rules  fof  the  Guidance  of 
Unprofessional  Stcam-Users,  By  An  Engineer.  London  : 
Lockwood  and  Co.     1874. 

In  plain-spoken  words  the  writer,  as  a  pradlical  engineer,  offers 
wholesome  advice  to  all  who  have  the  care  of  steam-boilers  and 
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the  control  of  steam-power.  There  can  be  h'ttle  doubt  that  due 
attention  to  such  rules  as  those  laid  down  in  this  h'ttle  work 
would  go  far  to  prevent  boiler-explosions,  a  class  of  accidents 
which  in  most  cases  may  be  traced  to  the  ignorance  or  feckless- 
ness  of  those  who  are  in  charge.  **  Be  slow  to  believe,  with 
some,  that  explosions  occur  from  mysterious  and  unpreventible 
causes.  For  one  explosion  whose  cause  is  obscure  there  are 
ten,"  says  the  writer,  "  which  can  be  traced  to  causes  which  an 
observance  of  the  foregoing  rules  would  assist  to  remove." 


Principes  de  Science  Absolue,  Questions  de  Science  Absolue  ou 
Science  hasee  sur  une  reduction  naturelle,  integrate y  ana- 
logique  de  V unite  du  fait  ahsolu.  Par  M.  James  Thomson. 
Paris :  J.  Rothschild. 
We  have  here  a  goodly  volume,  superfine  paper,  acres  of  margin, 
clear  bold  t3rpe,  and  a  singularly  tasteful  binding.  But  the 
contents  !  We  find  a  string  of  rhapsodical  sentences,  printed  in 
a  fantastic  medley  of  italics,  small  capitals,  and  common 
charadlers — not  the  first  time,  by  the  way,  that  typographical 
eccentricities  have  done  duty  for  argument — and  lines  of 
asterisks,  in  the  manner  of  Tristram  Shandy,  to  be  filled  up  at 
pleasure  by  the  charitable  reader,  or  to  be  taken  as  a  proof  that 
M.  James  Thomson,  like  the  parrot  in  the  story,  **  thinks  more 
than  he  says."  English,  or  possibly  Scotch,  as  is  the  author's 
name,  his  language  is  purely  French, — not,  however,  the  French 
of  science  or  philosophy,  but  of  "  fast  "  daily  life,  interspersed, 
like  boulder-clay,  with  a  new-coined  terminology.  He  aims, 
evidently,  at  being  profound,  original,  witty,  and  aphoristic.  He 
succeeds,  to  a  marvel,  in  being  fiippant,  grotesque,  absurd, 
sometimes  positively  loathsome.  In  support  of  so  heavy  a 
charge,  we  will  quote  a  passage,  after  which  few  readers  will 
care  to  inquire  further : — 

**  Every  individual  convidled  of  aggressive  movements,  atheistic, 
socialistic,  communistic,  or  anti-social  (discourses,  writings, 
conspiracies,  rebellions,  thefts,  pillages,  incendiarisms,  assassi- 
nations, &c )    is   placed  outside   the  law,  degraded 

from  his  rank  as  man,  and  assimilated  to  the  brutes. 

**  This  degradation  and  this  assimilation  signify  that  every 
individual  thus  designated  is  liable,  according  to  the  degree  of  his 
criminality,  to  be  condemned  to  slavery,  to  torture,  to  the 
combats  of  the  circus,  whether  against  other  negativists  or 
against  ferocious  beasts  ;  to  death  ;  to  the  shambles. 

**  It  is  certain  that  this  last  punishment  involving  the  establish- 
ment of  shops  for  selling  the  flesh  of  atheists  constitutes  a 
culinary  question  calculated  to  chill  the  souls  of  gourmets. 

'<  But  at  any  rate  a  cutlet  of  atheist  is  still  better  than  a  cutlet 
of  horse,  mule,  ass,  rhinoceros,  cat,  &c.     .     .     . 
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"  If  Paris,  when  beseiged,  had  only  consented  to  taste  the 
atheist,  it  might  have  escaped  easily,  not  alone  from  the  enemies 
without,  but  from  those  within. 

**  If,  in  the  future,  silly  atheophagists  should  pretend  that 
MM.  the  mimitaptap  of  negation  are  not  tender,  we  should 
advise  to  pickle  them." 

Whether  this  is  a  stupid  jest,  or  sober  (?)  sadness,  we  must 
pronounce  it  the  most  revolting  passage  which  it  was  ever  our 
misfortune  to  read.  We  have  here  a  man  original  in  atrocity  at 
least;  capable  of  surpassing  even  the  Commune  and  the 
Inquisition.  We  have  little  love  or  respedl,  truly,  for  Robespierre 
and  Cluseret,  for  Torquemada  and  St.  Dominic.  But  even  they 
did  not  eat  their  victims.  **  Domini  Canes,"  we  suspe<5l,  if  not 
too  merciful,  were  at  least  too  judicious. 

We  find,  further,  a  declaration  that  the  peoples  of  the  true 
white  races  **  (Germans,  English,  Americans,  French,  &c.)  are 
called  naturally f  necessarily,  legitimately,  in  order  to  procure  the 
social  elevation  of  their  own  masses  to  dominate  and  to  exploit* 
the  inferior  white  races  (Hindoos,  Arabs,  &c.),  the  yellow  species, 
and  those  of  the  black  species."  This  is  evidently  a  fundamental 
idea  of  **  Science  Absolue,"  since  it  occurs  more  or  less  explicitly 
in  several  parts  of  the  work.  France  is  repeatedly  advised  to 
take  possession  of  China,  which  would  yield  her  an  annual 
revenue  of  three  or  four  milliards,  whilst  Africa  would  also  prove 
very  valuable.  All  this  *'  domination  and  exploitation "  is 
indeed  to  be  restridled  within  the  limits  of  "  affirmation,"  to  be 
marked  out,  we  presume,  by  M.James  Thomson.  But  whatever 
theoretical  distindlions  might  be  drawn  in  pradlice,  the  result 
would  be  simply  slavery,  and  as  such  it  could  not  fail  to  prove  a 
curse  alike  to  superior  and  inferior.  The  Author  holds  that  the 
human  race  consists  of  three  distincfl  and  originally  created 
species,  the  white,  the  yellow,  and  the  black,  and  attempts  to 
prove  that  this  view  is  in  harmony  with  the  Mosaic  cosmogony. 
He  informs  us  that  the  serpent  which  tempted  Eve  was  no 
reptile,  but  a  **  heathen  Chinee,"  and  that  her  fall — the  eating  of 
the  forbidden  fruit — was  an  adl  of  conjugal  infidelity  of  which 
the  result  was  the  birth  of  Cain. 

We  suspedl  that  Biblical  critics  will  find  his  exegetics  as  little 
satisfadlory  as  is  his  ethnology.  It  is  simply  inconceivable  that 
the  Aryan  race  should  speak  of  the  Chinese  as  "  sons  of  God," 
Eiohim  or  Asar,  beings  superior  to  themselves.  To  the  Teuton, 
whom  the  Author  considers  as  the  purest  specimens  of  the 
**  white  race,"  the  Asar  were  his  own  deified  ancestors,  ruled 
over  by  Odin,  king  of  Gods  and  men. 

M.  Thomson  informs  us  that  "  men  are  born  atheists  or 
communists,  just  as  they  may  be  born  rachitic  or  scrofulous." 

•  We  have  no  English  word  which  exadlly  covers  the  French  **  exploiter  '• 
as  applied  to  persons.  It  means  to  **  use  up,"  to  '*  apply  to  our  own 
purposes,"  &c. 
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Yet  with  admirable  consistency  he  upholds  the  dodlrine  of  free- 
will, and  repeats  the  venerable  fallacy  that  those  who  doubt  it 
have  no  right  to  punish  a  transgressor.  How  ?  The  wolf  and 
the  tiger  must  of  necessity  prey  either  upon  our  flocks  and  herds, 
or  upon  ourselves.  Yet  not  the  less,  but  rather  the  more,  do  we 
poison  or  shoot  them.  If  a  murderer  pleads  necessity,  society 
replies  that  the  very  same  necessity  didlates  his  elimination. 

The  Author  glorifies  Adam  Smith  and  Malthus,  but  rails  at 
J.  Stuart  Mill,  and  denounces  free  trade.  Wherever  free  trade 
exists,  he  tells  us,  *'  there  may  be  found  an  Englishman  and  a 
dupe.''  Indeed  for  England  and  Englishmen  he  has  little 
affedlion.  He  accuses  our  country  of  being  the  focus  of  his  bete 
noirCf  the  International.  He  has  petroleum  on  the  brain,  and  is 
delighted  with  himself  for  having  turned  *•  proletariate  "  into 
•*  petrolatariate." 

But  the  reader  will  ask,  where  is  the  science  ?  Echo  answers 
•'where  ?  "  There  are,  indeed,  a  few  vag^e  generalities,  there 
are  positives  and  negatives,  animisms  and  dynamisms.  We  are 
told  that  the  modes  of  contradlion  of  dynamism  are  gravitation, 
weight,  cohesion,  capillarity,  and  acoustics,  whilst  its  modes  oif 
expansion  are  heat,  eledlricity,  light,  and  magnetism.  We  are 
to  ascribe  **  To  the  combination  of  contractive  dynamism  with 
infinitesimal  matter  the  apparition  of  the  germ  of  the  earth. 
To  the  combination  of  expansive  dynamism  with  contractised 
MATTER,  the  apparition  of  the  inchoative  sketch  of  the  globe ;  in 
a  word,  the  terrestrial  chaos,  organic  and  inorganic. 

To  the  combination  of  affinity,  or  soul  of  the  fourth  degree 
(eumorphism)  with  a  portion  of  the  dynamised  matter,  the 
apparition  of  the  mineral  kingdom.  To  the  combination  of 
rudimentary  instinct,  or  soul  of  the  third  degree,  with  a  part 
of  the  dynamised  matter,  and  with  affinity ,  the  apparition  of  the 
vegetable  kingdom. 

To  the  combination  of  true  instinct,  or  soul  of  the  second 
degree  (a«i/«a/  intelligence),  With  2i  part  of  the  ^^namf 5^  J  matter, 
with  affinity  and  with  the  rudimentary  instin(5l,  the  apparition  of 
the  ANIMAL  kingdom. 

Finally,  to  the  combination  of  intelligence,  properly  so- 
called,  or  soul  of  the  first  degree  [true  soul,  or  reason)  with  a 
part  of  dynamised  matter  with  the  rudimentary  instin<5l,  the 
true  instindl,  and  with  affinity,  the  apparition  of  the  human 
kingdom." 

Such  propositions  as  this  can  be  produced  by  the  mile  as 
easily  as  calico.  But  they  are  not  science.  They  shed  no  new 
light  on  any  department  of  nature ;  they  point  the  way  to  no 
researches,  and  are  as  incapable  and  as  unworthy  of  refutation 
as  of  verification.     They  are  essentially  cold,  sterile,  lifeless. 

A  denunciation  of  Darwin  occurs  as  a  matter  of  course.  The 
manner  of  the  onslaught  is  quite  in  character.  M.  James 
Thomson  does  not   argue — he    shrieks,   chatters,  '*  mops,   and 
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mowes"  at  the  great  naturalist  and  his  fellow-labourers,  in  a 
manner  more  simian  than  scientific.  But  there  are  no  fadls 
which  have  not  been  already  taken  into  account ;  no  arguments 
which  have  not  been  repeatedly  refuted ;  no  attempts  to 
supersede  the  dodlrine  of  Evolution  by  any  profounder  and  wider 
generalisation,  or  to  account  for  the  phenomena  which  before  its 
promulgation  were  unconnedled  riddles.  There  is,  indeed,  a 
new  epithet,  "  pithecolatry !  *'  It  is  remarked  that  if  species  are 
not  permanent,  then  the  title  "  Origin  of  Species  "  involves  a 
conlradidlion.  How  little  such  an  Old  Bailey  quibble  affedls 
the  matter  at  issue  is  self-evident.  To  all  this  Mr.  Darwin  may 
well  reply,  **  nolo  laudari."  M.  Thomson  is  prone  to  Latin 
quotations,  and  can  doubtless  supply  the  rest. 

It  can  serve  no  good  purpose  to  wade  any  further  into  this 
chaos  of  philosophy,  "  falsely  so-called,"  of  theology,  politics, 
morals,  ethnology,  and  gossip,  which  the  Author  has  presumed 
to  designate  **  Absolute  Science."  Of  that  *^  pourriture '*  of  the 
modem  world  to  which  he  so  often  refers,  this  book  is  certainly 
not  the  least  offensive  symptom. 


f  Fragmentary  Papers  on  Science  and  Other  Subjects.    By  the  late 

^^  Sir  Henry  Holland,  Bart.     Edited  by  his  son,  the  Rev. 

F.  J.  Holland.     London  :  Longmans  and  Co. 

For  us,  in  the  last  quarter  of  the  nineteenth  century,  a  strange 
interest  attaches  to  the  reminiscences  of  one  who  may  be  said  to 
have  stood  by  the  cradle  of  modern  science.  *'  More  than  sixty 
years  ago,"  says  Sir  H.  Holland,  **  Davy  showed  me,  at  the 
Royal  Institution,  the  minute  globules  of  sodium  and  potassium 
just  obtained  from  the  fixed  alkalies.  In  the  same  laboratory, 
the  birth-place  of  so  many  great  discoveries,  I  witnessed  his  first 
experiments  on  the  chemical  adlions  of  the  voltaic  current.  Very 
few  years  later  I  heard  Dalton  expound,  for  the  first  time,  that 
/fc'  Atomic  Theory  which  gave  the  earliest  impulse  to  those  researches 

of  which  organic  chemistry,  present  and  prospe(5live,  is  the  most 
wonderful  exponent.  Yet  later,  in  the  theatre  of  the  Royal 
Institution,  I  was  one  of  a  small  party  to  whom  Faraday  showed 
the  spark  he  had  just  succeeded  in  drawing  from  the  magnet, 
the  forerunner  of  those  marvellous  powers  which  have  since  been 
elicited  from  the  same  source."  Nor  did  this  early  interest  in 
Science  forsake  the  author  in  his  later  days.  To  the  last  he 
must  have  watched  with  eager  interest  the  progress  of  discovery, 
and  have  kept  himself  acquainted  not  merely  with  the  methods 
and  the  general  results  of  Science,  but  even  with  the  minutest 
details  of  modern  research. 

Still  it  will  be  felt  by  the  reader  that  Sir  H.  Holland  writes 
about  Science  rather  as  might  a  refined  and  thoughtful  scholar 
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than  as  does  the  man  of  Science  pur  sang.  His  interest  lies, 
after  all,  in  persons  rather  than  in  things,  physical  fa(5ts  serving 
,him  mainly  as  an  introdudlion  to  metaphysical  refledlion.  He 
contemplates  rather  than  speculates.  His  mind  ever  reverts  to 
Plato,  Aristotle,  Lucretius.  A  striking  instance  of  this  tendency 
may  be  found  in  the  outset  of  his  Essay  entitled  **  Plurality  of 
Worlds :  Are  Other  Planets  Inhabited  ?"  He  here  informs  us 
that  **  Neither  in  the  Old  or  New  Testament  do  we  find  a  distin(5l 
answer  to  the  question,  though  perhaps  a  few  inferential  allusions 
to  it.  The  same  may  be  said  of  the  classical  writers :  Plato, 
Aristotle,  Lucretius,  and  Seneca,  as  far  as  I  can  recoile(5l,  are 
silent  on  the  subjec5l.  Pliny,  who  grasps  at  everything  known  or 
imagined,  is  equally  so.*'  This  seems  to  us  an  instance  of  what 
Whewell  calls  the  **  commentatorial  spirit,'*  so  prominent  in  the 
Middle  Ages,  which,  instead  of  enquiring  into  things  themselves, 
asked  rather  what  former  authors  had  said  on  the  subjedl. 

The  most  valuable  of  the  Essays  before  us  are,  as  might  be 
expedled,  those  bearing  upon  organic  nature,  especially  "  Life 
on  the  Earth  :  Relations  of  Man  to  Other  Animals."  Sir  Henry 
here  very  justly  pronounces  Bichat's  well-known  definition  of 
life,  **  La  vie  est  Tensemble  des  fondlions  qui  resistent  a  la  mort," 
and  that  of  the  **  Encyclopedic,"  **  La  vie  est  le  contraire  de  la 
mort,"  as  **  too  epigram matically  negative  to  serve  any  use." 
He  might  have  gone  further,  and  pronounced  Bichat's  utterance 
one  of  the  greatest  absurdities  ever  uttered  by  a  man  of  mark. 
•*  Life  is  the  sum  of  the  func5lions  which  resist  death."  But  what 
is  "death"?  The  termination  of  life.  If  we,  then,  insert  this 
explanation  in  Bichat's  definition  in  place  of  its  equivalent 
**  death,"  we  read — **  Life  is  the  sum  of  the  fundlions  by  which 
the  termination  of  life  is  resisted,"  which  is  nonsense.  Sir  H. 
Holland  well  points  out  that  these  definitions  sin  by  omitting 
**  that  which  is  the  very  essence  of  life,  viz.,  that  of  reproducing 
life  more  or  less  like  in  kind  to  itself."  But  is  the  search  for 
such  definitions  scientific  ?  We  may  ascertain  the  properties  of 
life,  as  we  do  those  of  eledlricity  or  of  gravitation.  But  can  we 
possibly  ascertain  the  essence  of.  any  of  the  three  ? 

We  are  happy  to  find  that  the  author  has  no  sympathy  with 
that  purblind  egotism  which  would  represent  man  as  differing 
from  the  lower  animals  not  in  degree,  but  in  kind.  '*  The  philo- 
sopher," he  writes,  **  looking  on  the  dog  crouched  at  his  feet, 
sees  in  him  an  animal  with  organisation  akin  to  his  own ;  with 
intelligence,  memory,  feelings,  and  passions  of  the  same  kind, 
however  different  in  degree  and  in  manner  of  use  ;  with  appetites 
and  necessities  of  life  similar,  also,  though  more  in  subordination 
to  instinc5ls  and  hereditary  habits  of  the  species.  The  idle  spec- 
tator gazes  on  the  anthropoid  ape  with  mere  merriment  at  this 
mockery  of  human  form  and  gesture.  The  man  of  deeper 
tiiought  cannot  stand  in  face  of  these  creatures  without  some 
feeling  of  awe  in  the  contemplation  of  that  mysterious  scheme 
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of  creation  which  has  brought  them  thus  near  to  himself  in  the 
scale  of  animal  being.** 

The  view  that  the  rest  of  the  animal  world  exists  solely  in 
reference  to  man  he  rightly  treats  as  a  "  vulgar  notion.'*  Every 
part  of  Natural  History,  and  very  especially  the  history  disclosed 
to  us  by  fossil  remains,  utterly  annuls  any  such  conception.  It 
would  not  be  too  much  to  affirm  that  not  one-hundredth  part  of 
the  animal  creation,  counted  by  species,  has  relation,  diredl  or 
indiredl,  to  man's  existence  on  earth. 

Of  the  reasoning  power  of  brutes,  he  remarks — "  No  happier 
definition  can  be  given  than  that  of  Cuvier :  *  Leur  intelligence 
ex6cute  des  operations  du  m^me  genre.*  '* 

Into  a  large  part  of  these  papers — such  as  those  on  Evil  in 
the  World,  the  Perfedlibility  of  Man,  Natural  Theology,  Dif- 
ferences of  Religious  Belief,  Scepticism  and  Credulity,  History, 
Shakspeare,  &c. — we  cannot  here  enter.  If  the  work  contains 
nothing  novel  in  fadl  or  in  generalisation,  it  is,  we  think,  not 
unsuggestive.  The  breadth  and  liberality  of  its  spirit  might 
well  atone  for  even  greater  deficiency  in  originality  and  power. 


On  a  Peculiar  Fog  seen  in  Iceland^  and  on  Vesicular  Vapour, 
By  R.  Angus  Smith,  Ph.D.,  F.R.S.,  &c.  London :  Taylor 
and  Francis. 

Meteorologists  generally  suppose  that  clouds,  fog,  &c.,  consist 
of  particles  of  water  in  a  hollow  or  vesicular  form,  something 
like  minute  balloons  or  soap-bubbles.  One  of  the  originators  of 
this  view  was  Edmund  Halley,  the  astronomer,  who,  in  the 
"  Philosophical  Transadlions  *'  (abridged,  vol.  iii.,  p.  428),  ex- 
plains the  "  rising  of  vapour  by  warmth,  by  showing  that  if  an 
atom  of  water  were  expanded  into  a  shell  or  bubble  so  as  to  be 
ten  times  as  large  in  diameter  as  when  it  was  water,  such  an 
atom  would  become  specifically  lighter  than  air.**  It  is  scarcely 
needful  to  remind  the  reader  that  water,  in  order  to  become  spe- 
cifically lighter  than  air,  would  require  to  be  expanded  very  far 
more  than  ten  times.  In  1743,  Gottlieb  Kratzenstein,  of  Halle, 
in  his  "  Theorie  de  TEl^vation  des  Vapeurs  et  des  Exhalations  ** 
(Bordeaux,  1743)1  maintained  that  **  vapours  are  hollow  vesi- 
cles," though  he  admits  that  they  have  no  absolute  lightness 
and  cannot  lose  their  specific  gravity.  Hamberger,  Professor  of 
Physics  and  Medicine  at  the  University  of  Zena,  also  published, 
in  the  same  year,  a  dissertation  on  the  subje(5l,  to  which  a  prize 
was  adjudged  by  the  Academy  of  Bordeaux.  In  this  he  shows 
that  the  weight  of  water  cannot  be  reduced  by  increasing  the 
size  of  the  vesicles,  or,  indeed,  by  making  vesicles  at  all. 

H.  D.  de  Saussure,  in  his  "  Essais  surTHygrom^trie  *'  (p.  282), 
assumes  the  existence  of  vesicles,  or  hollow  spheres,  and  endea- 
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vours  to  demonstrate  their  presence  in  vapour  experimentally, 
and  to  render  them  visible. 

The  attention  of  Dr.  R.  A.  Smith,  from  whose  pamphlet  the 
above  sketch  of  opinion  on  this  question  is  substantially  taken, 
was  drawn  to  this  subjedl  by  a  remarkable  fog  which  he  observed 
one  afternoon  in  July,  at  Reikjavik,  Iceland.  The  peculiarity  of 
the  phenomenon  consisted  in  **  a  larger  size  of  particles  than  I 
have  ever  seen,  and  that  the  flatness  with  which  it  fell  on  the 
ground,  and  the  lumbering  mode  of  rolling,  distinguished  it 
from  all  fogs  which  I  have  seen."  The  people  of  the  town,  as 
well  as  Dr.  Smith  and  his  party,  took  it  at  first  for  dust,  or 
smoke  conveying  unusually  large  particles.  The  wind  had 
nothing  to  do  with  the  matter,  as  the  fog  arose  simultaneously 
from  the  sea  and  from  a  small  lake  behind  the  town,  and  con- 
verged in  the  streets.  The  particles  were  found  on  examination 
to  be  at  least  ten  times  larger  than  those  described  by  Saussure. 
They  seemed,  moreover,  quite  solid, — if  the  expression  may  be 
used  for  a  liquid  body, — without  any  hollow  centre.  This  obser- 
vation accordingly  led  Dr.  Smith  to  examine  the  evidence 
offered  by  Saussure  and  others  in  favour  of  the  vesicular  theory. 
But  he  found  nothing  in  the  least  conclusive.  The  notion  of 
hollow  particles  **  is  a  vague  inference  from  certain  of  their 
qualities,  and  their  supposed  analogy  to  soap-bubbles."  The 
Author  contends  that  the  hypothesis  of  hollow  particles,  besides 
being  unsupported  by  fadls,  is  unnecessary,  as  fine  but  admit- 
tedly solid  particles  can  remain  for  a  very  considerable  time 
suspended  in  the  air.  As  an  instance  of  this  kind,  he  remarks — 
"  Times  out  of  number  I  have  observed,  on  calm  summer 
evenings,  a  cloud  of  smoke  from  a  steam-boat  funnel  lying  for 
miles  in  length,  at  a  height  very  little  different  from  that  of  the 
funnel  out  of  which  it  issued.  ...  In  these  cases  have  we  any- 
thing to  look  to  but  the  size  of  the  particles  ?  They  are  so 
small  that  their  resistance  to  the  atmosphere  is  diminished  to 
the  utmost,  as  the  resistance  of  the  air  is  increased  so  much  in 
proportion  to  the  weight  that  they  cannot  fall  rapidly." 

The  subjedl  is  one  which  demands  more  attention  from  phy- 
sicists and  meteorologists  than  it  has  hitherto  received. 


Principles  of  Metal  Mining,   By  J.  H.  Collins,  F.G.S.   London 
and  Glasgow :  W.  Collins,  Sons,  and  Co. 

This  little  work  gives  a  general  and  intelligible  view  of  mining 
operations.  One  of  its  greatest  merits  is  that  the  technical 
language  of  the  Cornish  miners — often  a  source  of  no  little 
mistification  to  geologists,  mineralogists,  and  chemists — is  fully 
explained.  The  Author  insists,  very  justly,  upon  the  importance 
of  scientific  training  to  practical  miners.     Referring  to  instances 
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of  valuable  minerals  being  thrown  away  from  ignorance  of  their 
nature,  he  continues — **  But  it  is  only  the  mistakes  which  have 
been  discovered  that  can  be  known  :  it  is  very  probable  that  the 
majority  of  such  mistakes  are  never  found  out  at  all.  The  only 
safeguard  for  the  future  is  in  the  multiplication  of  mineralogical 
observers." 


Prodromus  of  the  Palceontology  of  Victoria,  or  Figures  and 
Descriptions  of  Victorian  Organic  Remains.  Decade  I. 
By  F.  McCoy.     Melbourne  :  John  Ferres. 

This  work  is  the  first  number  of  an  Appendix  to  the  Geological 
Survey  of  Vidloria.  It  is  to  contain  figures  and  descriptions  of 
the  more  charad^eristic  fossils  of  each  formation.  The  present 
number  contains  two  plates  of  species  of  Graptolites,  from  which 
the  Author  determined  the  Lower  Silurian  geological  age  of  the 
slates  containing  gold  reefs.  Then  follow  plates  of  the  extinct 
fossil  wombats  from  the  gold  cement  of  Dunolly,  which  afforded 
proof  that  the  Vidlorian  gold-drifts,  like  those  of  Russia,  are  of 
the  age  of  the  mammaliferous  crag  of  the  English  Pliocene 
Tertiary  age.  Next  are  two  plates  of  volutes,  representing  the 
Volutilites  of  the  Barton  clay  formation  of  Hampshire ;  a  plate 
of  the  Cycadeous  plants  charadleristic  of  the  oolitic  coal- fields  of 
India,  China,  Virginia,  &c.  Finally  come  plates  of  charadler- 
istic  genera  of  fossil  vegetation  of  the  palaeozoic  coal  formation, 
and  of  fossil  star-fishes  from  the  Upper  Silurian  rocks. 

The  work,  when  complete,  will  be  a  most  valuable  addition  to 
palceontological  literature. 


A   Handbook    of  Hydrometry.      By  James    Boddey    Keene. 
London :  Pitman. 

In  this  little  treatise  the  Author  gives  an  account  of  the  con- 
strudlion  and  uses  of  the  various  instruments  employed  for 
taking  the  specific  gravities  of  liquids.  With  hydrometers  the 
same  confusion  prevails  as  with  weights  and  measures.  Almost 
every  country  has  its  distin(5l  scale,  and  to  convert  the  indications 
of  one  of  these  into  another  is  not  always  an  easy  matter. 
Throughout  the  civilised  world  water  has,  indeed,  been  adopted 
as  the  starting-point,  but  it  is  not  everywhere  taken  at  the  same 
temperature.  "  In  France  water  is  taken  as  unity  at  its  greatest 
density,  which  is  4-1''  C.  or  39*4*  F.  This  point  has  the  advan- 
tage of  presenting  no  appreciable  change  of  density  within  a 
slight  range  above  or  below  it.  It  is,  however,  so  far  below  the 
average  temperature  of  the  year  as  mostly  to  require  artificial 
cooling,  and  to  be  liable  to  rapid  change  of  temperature.** 
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In  England,  with  our  usual  love  for  inconsistency,  we  have 
three  standards.  The  degree  ordinarily  used  is  60*"  F.  =  I5'5°  C, 
but  the  imperial  gallon  is  fixed  at  62"  F.,  and  the  proof  point  for 
Sikes*s  hydrometer,  as  laid  down  by  A6i  of  Parliament,  is  51*  F. 
"  These  differences,"  says  the  Author,  "  very  justly  serve  no 
pradlical  purpose,  and  only  tend  to  confusion." 

It  is  somewhat  remarkable  that  amongst  the  various  hydro- 
meters here  enumerated  there  is  no  mention  of  the  two  most 
generally  employed  in  England — TwaddelPs  and  the  direcfl  spe- 
cific  gravity  instrument,  Baume's  hydrometers,  so  much  em- 
ployed on  the  Continent  in  chemical  works,  dye  works,  &c.,  are 
worthy  of  all  condemnation.  They  are  graduated  in  a  very 
arbitrary  and  often  careless  manner,  and  their  indications  are  not 
readily  calculated  into  diredl  specific  gravity. 

The  author  has  devised  a  modification  of  Sikes's  hydrometer, 
ordinarily  used  by  Revenue  Officers,  which  appears  to  have  a 
decided  advantage. 


Consumption  and  Tuberculosis,  their  Proximate  Cause  and  Spe- 
cific Treatment  by  the  Hypo  phosphites.  By  J.  F.  Churchill, 
M.D.     London  :  Longmans  and  Co, 

Medicine  was  reproached  by  the  late  Mr.  Buckle  as  being  still 
in  the  "  theological  stage."  **  Not  one  of  its  so-called  specifics," 
continues  the  historian  of  civilisation,  '*  has  been  discovered 
dedudlively,  or  even  justified  a  priori,'*  The  Author  holds  that 
in  the  hypophosphites  we  have  a  specific  for  "  pulmonary  affec- 
tions arrived  at  a  priori  by  hypothetic  indudlion,  verified  by 
clinical  experiment,  and  confirmed  by  a  concordance  of  the 
widest  and  most  numerous  array  of  fadls  ever  brought  forward 
in  pathology." 

Dr.  Churchill  was  led,  by  his  observations  and  experiments, 
to  assume — provisionally,  at  least— the  two  following  propo- 
sitions : — 

**  The  tubercular  diathesis  is  owing  to  a  diminution  in  the 
system  of  the  phosphorus  element." 

**  As  this  element  fulfils  the  fundlion  of  a  combustible  body,  it 
must  be  in  a  degree  of  oxidation  inferior  to  that  of  phos- 
phoric acid." 

He  then  proceeded  to  submit  his  theory  to  pra<5lical  verifica- 
tion. Free  phosphorus  being,  from  obvious  reasons,  inadmis- 
sible, the  choice  lay  between  the  oxide  of  phosphorus  and  the 
phosphorous  and  hypophosphorous  acids.  He  sele(5led  the  latter 
in  the  state  of  a  lime-salt,  and  by  experiments  upon  himself 
established  the  fa<5l  that  it  could  be  taken  in  6-grain  doses  with- 
out any  ill  effecfls.  He  then  proceeded  to  adlual  pradlice.  Cases 
of  consumption  are,  unfortunately,  sufficiently  common,  and  the 
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results  of  the  ordinary  treatment  are  so  little  satisfacflory,  that 
the  physician  is  certainly  morally  justified  in  adopting  any  new 
system  which  holds  out  any  rational  probability  of  success.  A 
number  of  cases,  with  their  results,  are  described.  Not  being 
ourselves  connedted  with  the  Faculty  we  cannot,  of  course,  view 
this  matter  professionally.  But  if  we  are  asked  whether  we — 
judging  from  the  **  standpoint  *'  of  the  man  of  science — consider 
that  Dr.  Churchiirs  fa<5ls  support  his  theory,  we  reply  without 
hesitation  in  the  affirmative.  Of  course  we  do  not  admit,  nor 
does  the  author  contend,  that  hypophosphites,  no  matter  of  what 
base,  no  matter  in  what  dose,  or  in  what  admixture,  will  inevi- 
tably cure  phthisis,  irrespedlive  of  the  stage  of  the  complaint 
and  of  possible  complications.  Such  a  proposition  could  only 
be  upheld  by  the  charlatan  or  the  routinist,  as  distinguished 
from  that  too  rare  charadler — the  thoroughly  scientific  physician. 
The  following  passage  will  show  that  Dr.  Churchill  by  no  means 
lays  claim  to  such  infallibility  : — **  What  science  or  what  art  but 
that  of  medicine  has  ever  pretended  to  an  *  infallible  '  process  ? 
*  Infallible  *  means  unconditional.  Art,  on  the  contrary,  is  the 
attainment  of  definite  ends  by  definite  means  under  certain  given 
conditions,  and  the  objed\  of  all  science  is  the  discovery  of  these 
means  and  of  the  conditions  which  are  to  guide  us  in  their  use." 

There  are  few  scientific  men,  in  the  true  sense  of  the  word, 
who  will  be  able  to  read  this  book  without  pleasure  and  profit, 
and  without  recognising  the  profundity,  the  acuteness,  and  the 
originality  of  the  author. 

Reverting  to  the  Preface  we  find  a  mournful,  and  only  too  true, 
picflure  of  the  difficulty  experienced  in  obtaining  fair  play  for  a 
novel  idea  :^. 

'*  To  whom  could  such  an  appeal  be  made  ? 

"  To  the  statesman  ? 

**  He  will  point  a  speech  with  a  sanitary  conundrum,  and  think 
no  more  of  the  matter. 

**  To  the  health -reformer  ? 

**  He  is  all  eagerness  that  the  people  should  be  dragooned  into 
health,  even  as  their  forefathers  were  once  dragooned  into  holiness, 
and  he  hopes  to  be  one  of  the  dragooners :  beyond  that  he 
goes  not. 

**  To  the  man  trained  in  the  severe  and  patient  methods  of 
positive  science  ? 

"He  will  be  afraid  to  venture  amidst  the  discordant  fa(5ls,  the 
rash  assumptions,  and  the  ever-shifting  fallacies  of  the  so-called 
science  of  therapeutics. 

"  To  the  philanthropist,  our  poor  dipt  and  crest-fallen  substi- 
tute for  the  old  knight-errant  ? 

**  Even  he  will  fail  to  see  that  there  is  here  the  means  of  doing 
more  good  than  by  the  endowment  of  many  charities." 

The  Author  quotes,  from  a  medical  authority  whom  he  does 
not  name,  the  theory  that  *'  pulmonary  consumption  is  a  bountiful 
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dispensation  of  Providence  to  eliminate  the  weak  and  imperfe(5l, 
and  thus  purify  the  earth,  in  order  to  save  us  from  becoming  a 
race  of  pigmies,  of  sickly  dwarfs,  and  eventually  dying  out." 
It  is  distressing,  and  at  the  same  time  incomprehensible,  how 
any  man  who  has  enjoyed  any  rudiments  even  of  a  scientific 
training  can  give  vent  to  such  an  unscientific  outbreak  of  grati* 
tude.  Pulmonary  consumption  prevails  mostly  during  the  prime 
of  life,  and  numbers  of  its  vidlims  have  consequently,  before 
they  are  carried  off,  become  parents  1  If  it  were  the  plan 
of  Providence  "  to  eliminate  the  weak  and  imperfe(5l,"  the 
disease,  surely,  ought  to  occur  in  early  childhood ;  or,  better 
still,  the  first  symptom  of  debility  in  any  organism  would  be  the 
cessation,  temporary  or  permanent,  of  the  reprodudlive  power. 
But  we  often  find  that  sickly  beings,  both  animal  and  vegetable, 
are  more  prolific  than  the  healthy.  Shall  we  never  be  able  to 
free  ourselves  from  the  delusions  of  teleology  ? 

We  can  only  hope  that  our  voice  may  be,  at  any  rate,  of  some 
little  service  in  securing  for  Dr.  Churchill  that  candid  hearing 
which  is  all  he  demands. 


Text- Book  of  Botany,  Morphological  and  Physiological,  By 
Julius  Sachs,  Professor  of  Botany  in  the  University  of 
Wurzburg.  Translated  and  Annotated  by  A.  W.  Bennett 
and  W.  T.  Thistleton  Dyer.    London  :  Macmillan  and  Co. 

It  has  been  insinuated,  somewhat  wickedly,  that  since  the  disuse 
of  the  Linnsean  system  Botany  has  become  much  less  popular 
among  ladies  than  it  was  heretofore.  The  change,  indeed,  is 
complete.  We  can  imagine  a  botanist  of  the  old  school  whose 
highest  ambition  it  was  to  colle(5l  specimens  from  our  scanty 
British  fiora,  and  to  ascertain  their  names  according  to  an  artifi- 
cial system,  feeling  bewildered  at  a  work  such  as  the  one  before 
us.  He  would  find  classification  no  longer  the  be-all  and  end-all 
of  plant-lore,  developed  rather  in  its  fundamental  principles  than 
in  the  minutiae  of  detail.  He  would  find  species  grouped  to- 
gether, not  with  regard  to  one  single  set  of  organs,  but  in 
accordance  with  their  entire  stru<5lure  and  the  laws  of  their  evo- 
lution. Had  he  the  patience  and  perseverance  to  study  the 
volume,  he  would  be  bound  to  confess  that  the  botany  of  the 
pre&ent,  if  making  larger  demands  upon  the  faculties  of  his 
votaries  than  did  the  botany — we  might  say  the  herbalism — of 
the  past^  it  rewards  their  exertions  in  a  far  more  bountiful 
manner. 

The  work  of  Professor  Sachs  is  so  thorough-going,  so  com- 
plete, and  presents  the  results  of  the  most  recent  investigators 
in  such  a  clear  and  intelligible  manner,  that  criticism  becomes 
almost  superfluous.     We  have  certainly  no  English  work  which 
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can  take  its  place  as  a  manual  of  vegetable  morphology  and 
physiology.  The  translators  well  deserve  the  thanks  of  all 
friends  of  the  organic  sciences  for  having  placed  this  rich  treasure 
within  the  reach  of  the  English  student. 

The  chapters  on  the  elementary  constituents  of  the  food  of 
plants ;  on  assimilation  and  metastasis  (stoffwechsel) ;  on  the 
respiration  of  plants ;  and  on  the  adlion  of  temperature,  light, 
ele(5tricity,  and  gravitation  upon  vegetation,  are  most  excellent, 
and  may  be  consulted  with  advantage  by  the  physicist  and  the 
chemist,  as  well  as  by  the  botanist. 

The  last  chapter  is  devoted  to  that  difficult  but  fascinating 
topic,  the  origin  of  species.  It  may  be  interesting  to  learn  what 
are  the  views  of  so  eminent  an  investigator  as  Prof.  Sachs  upon 
this  crucial  question.  He  declares  that — '*  The  scientific  basis 
for  the  theory  of  descent  rests  in  the  fadl  that  it  alone  is  able  to 
explain  in  a  simple  manner  all  the  mutual  relationships  of  plants 
to  one  another,  to  the  animal  kingdom,  and  to  the  fa(5ls  of  geology 
and  palaeontology,  their  distribution  at  different  times  over  the  sur- 
face of  the  earth,  &c. ;  since  it  requires  no  other  hypothesis  than 
descent  with  variation  and  the  continued  struggle  for  existence 
which  permits  those  forms  only  to  persist  that  are  endowed  with 
sufficiently  useful  properties,  the  others  perishing  sooner  or  later. 
But  both  these  hypotheses  are  supported  by  an  infinite  number 
of  fadls.  The  theory  of  descent  involves  only  one  hypothesis 
which  is  not  dire<5lly  demonstrated  by  fad^s,  namely,  that  the 
amount  of  variation  may  increase  to  any  given  extent  in  a  suffi- 
ciently long  time.  But  since  the  theory  which  involves  this 
hypothesis  is  sufficient  to  explain  the  fa(5ls  of  morphology  and 
adaptation,  and  since  these  are  explained  by  no  other  scientific 
theory,  we  are  justified  in  making  this  assumption." 


The  Transit  of  Venus.    By  George  Forbes,  B.A.     ("  Nature  " 
Series.)     London  and  New  York :  Macmillan  and  Co. 

The  work  before  us  is  based  upon  a  paper  originally  read  before 
the  Philosophical  Society  of  Glasgow,  and  subsequently  pub- 
lished in  "  Nature."  There  is  scarcely  any  point  conne(5led 
with  the  entire  question  but  receives  a  lucid  explanation.  The 
reader  will  learn  what  is  a  transit  of  Venus,  the  reason  of  its 
rarity,  and  its  value  in  enabling  us  to  calculate  the  true  distance 
of  the  earth  from  the  sun.  We  also  find  an  explanation  of  the 
term  **  parallax," — not,  of  course,  of  the  gentleman  who  assumes 
that  name, — and  a  brief  notice  of  other  methods  by  which  the 
sun's  distance  may  be  determined,  such  as  the  parallax  of  Mars 
when  nearest  the  earth,  which  occurs  every  fifteen  years ;  the 
method  founded  on  the  velocity  of  light  and  the  procedure  of 
Leverrier,  materials  for  which  are  gradually  accumulating.    The 
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Author  then  gives  an  account  of  the  various  methods  in  which  a 
transit  of  Venus  may  be  utilised,  namely,  the  determination  of 
the  times  of  contadl,  at  different  stations,  of  known  longitudes, 
and  the  determination  of  the  least  distance  between  the  centres 
of  the  sun  and  Venus  during  the  transit,  as  observed  from  dif- 
ferent stations.  This  last  determination  may  be  conducfled  either 
photographically,  heliometrically,  or  by  the  method  of  durations. 
These  methods  and  the  needful  apparatus  are  described  at  some 
length.  We  cannot  help  referring  to  the  photographic  method 
as  a  beautiful  example  of  the  inter-dependence  of  the  sciences, 
and  how  one  may  furnish  methods  to  another.  Who  would  have 
dreamed,  half  a  century  ago,  that  chemistry  would — in  photo- 
graphy and  spe(5troscopy — furnish  the  astronomer  with  two  novel 
and  valuable  means  of  research  ?  The  book  concludes  with  an 
account  of  the  stations  seledled  by  various  nations,  and  an  enu- 
meration of  the  English  observers. 

To  every  one  who,  without  making  astronomy  his  speciality, 
wishes  to  have  a  full  and  clear  knowledge  of  this  subjecfl  in  all 
its  bearings.  Prof.  Forbes's  book  is  indispensable. 


The  Province  of  Psychology,  The  Inaugural  Address  at  the 
First  Meeting  (April  14,  1875)  of  the  Psychological  Society 
of  Great  Britain.  By  the  President,  Mr.  Serjeant  Cox. 
London  :  Longmans  and  Co. 

This  Address  is,  in  the  fullest  sense  of  the  word,  **  inaugural." 
Its  objec5l  throughout  is  to  define  the  work  of  the  Society,  and 
this  objedl  is  admirably  carried  out.  In  the  Preface  we  are  told 
that  the  Psychological  Society  embraces  no  creed,  supports  no 
faith,  contemplates  no  theory,  has  no  latent  designs,  but  proposes 
only  to  colledl  facfls  and  investigate  psychological  phenomena, 
precisely  as  other  scientific  societies  investigate  the  phenomena 
of  their  respecSlive  branches  of  knowledge ;  and,  further,  that  a 
very  erroneous  notion  respe(5ling  its  objedls  appears  to  prevail, 
viz.,  that  it  has  been  established  with  a  special  view  to  the  pro- 
motion of  a  new  faith,  to  which  the  name  of  **  Spiritualism  "  has 
been  given.  This  notion  is  vigorously  and  authoritatively  con- 
tradi(^ed  by  Serjeant  Cox,  and  the  undeviating  tone  of  the 
Address  throughout  is  in  perfecfl  harmony  with  such  contradic- 
tion. If  Spiritualism  be  a  delusion,  and  if  the  Psychological 
Society  rigidly  and  vigorously  follow  the  course  which  Serjeant 
Cox  has  mapped  out  for  it,  this  Society  will  assuredly  do  more 
than  has  ever  been  done  hitherto  towards  the  removal  of  the  de- 
lusion ;  if,  on  the  other  hand,  the  error  is  on  the  other  side,  its 
refutation  will  ultimately  be  effedled  by  the  same  means. 

The  fundlion  of  the  Society,  as  defined  in  this  Address,  is  to 
apply  to  all  questions  connected  with  ^^  Life,  Mind,  and  Soul  ** 
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the  stricflest  methods  of  induiflive  investigation.  In  reference 
to  the  evidence  demanded,  Serjeant  Cox  says — **  It  is  an  inflex- 
ible rule  of  our  Courts  of  Law  that  the  best  evidence  only  shall 
be  accepted,  and  that  secondary  evidence  shall  not  be  received 
when  primary  evidence  can  be  had.  It  is  a  rule  of  reason  and 
common  sense.  Its  observance  is  no  less  essential  to  scientific 
investigation,  and  I  trust  that  by  this  Society  no  relaxation  of  it 
will  be  permitted.  Necessarily  we  shall  be  called  upon  to  deal 
with  some  reports  of  alleged  phenomena  of  rare  occurrence  and 
transcending  common  experience.  It  is  scarcely  necessary  to 
remind  the  members  that  a  higher  degree  of  proof  should  be 
required  in  proportion  to  the  strangeness  ofthe  phenomenon,  and 
that  stridtest  scrutiny  must  be  made  into  the  minutest  details 
before  the  Society  will  be  justified  in  giving  to  it  a  place  among 
its  records  of  psychological  facts.'' 

Theology  js  to  be  excluded  from  the  deliberations  of  the 
Society.  The  desirability  of  this  is  unquestionable.  The  sub- 
jedls  of  investigation  are  precisely  those  which,  without  such 
exclusion,  would  inevitably  drift  into  sedtarianism,  and  open  the 
portals  of  superstition.  At  the  same  time,  it  is  equally  obvious 
that  the  difficulty  of  keeping  clear  of  theology  will  be  consider- 
able, but  this  difficulty  must  be  boldly  faced,  as  the  danger  and 
mischief  are  precisely  proportionate  to  the  proximity  of  the  sub- 
je(5l8.  Serjeant  Cox  treats  this  part  of  the  subjecfl  but  lightly  ; 
and  we  think  that  a  clear  definition  of  the  boundaries  between 
psychology  and  theology  is  much  needed,  and  we  venture  to 
suggest  the  following  for  the  serious  consideration  of  the 
Society : — Psychology  is  a  science  of  experiment  and  direct  obser- 
vation^ while  neither  direct  observation  nor  experiment  are  pos- 
sible in  theology.  Indirectly  the  Society  may  do  good  service  in 
promoting  sound  and  wholesome  theology;  for  although  the 
Society,  as  a  Society,  will  deal  only  with  the  fa(5ts  and  laws  of 
the  operations  of  human  life,  mind,  and  the  **  psyche," — as 
Serjeant  Cox  prefers  to  name  the  possibly  separate  essence, — 
and  thus  will  deal  with  matters  of  observation  and  experiment, 
the  individual  member,  each  for  himself  and  on  his  own  respon- 
sibility, may  make  such  theological  inferences  as  present  them- 
selves to  his  own  mind.  The  separation  of  these  subjecSls  in  the 
Proceedings  of  the  Society  does  not  necessarily  imply  any 
separation  of  them  in  the  thoughts  of  the  individual  members, 
and  still  less  does  it  suggest  any  exclusion  of  theology  or  reli- 
gious sentiment. 

Many  special  subjecfls  of  investigation  are  suggested  in  this 
Address, — such  as  the  great  question  of  matter  and  non-matter ; 
whether  our  consciousness,  our  individuality,  ourselves  in  fa<fl, 
are  merely  cerebral  fund^ions  beginning  and  ending  with  cerebral 
acflion,  or  whether  a  separate  something  or  **  psyche  "  exists 
which  uses  the  brain  and  bodily  mechanism  as  the  organ  of  its 
manifestation.     Whether  the  brain  acfls  as  a  whole,  or  is  com- 
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posed  of  separately  acfling  parts,  as  affirmed  by  Gall.  Whether 
each  hemisphere  of  the  brain  is  a  distindt  organ  conferring 
duality  of  mind,  as  also  stated  by  Gall  and  re-affirmed  by  Brown- 
Sequard.  What  is  matter  ?  **  Is  matter  merely  the  incrusta- 
tion of  spirit-atomic  strudture  aggregated  into  molecular  strudlure 
on  the  surface,  as  it  were,  and  passing  continually  from  one  to 
the  other — as  the  atmosphere  becomes  visible  in  the  form  of  a 
cloud  when  it  comes  in  contadl  with  a  colder  body  ?  Or  is  it 
.that  the  vast  interspaces  between  the  worlds,  those  regions  void 
to  our  senses,  in  which  those  countless  worlds  are  as  grains  of 
dust,  are  really  thronged  with  life  which — because  it  is  not  of 
molecular  strucflure — is  imperceptible  to  our  very  limited  material 
senses  ? " 

Heredity  and  Hybridity  are  especially  mentioned,  and  all  those 
phases  of  the  docflrine  of  Evolution  which  relate  to  the  Descent 
of  Man.  Sleep,  Dreams,  Somnambulism  (Natural  and  Artificial), 
Delirium,  Insanity,  and  the  Influence  of  the  Mind  upon  the 
Body,  are  also  among  the  subje(5ls  named  and  partly  discussed 
in  this  Address. 

We  dare  not  go  further  than  the  mere  enumeration  of  these, 
as  any  discussion  of  either  would  lead  us  far  beyond  the  limits 
of  this  notice,  and  must  conclude  by  heartily  wishing  that  the 
Psychological  Society  will  stricflly  adhere  to  the  programme  and 
principles  prescribed  by  Serjeant  Cox.  If  it  does  so,  it  cannot 
fail  to  do  good  service  to  the  highest  of  all  the  sciences. 


Principles  of  Mental  Physiology ;  with  their  Applications  to  the 
Training  and  Discipline  of  the  Mind  and  the  Study  of  its 
Morbid  Conditions.  By  William  B.  Carpenter,  M.D., 
LL.D.,  F.R.S.,  F.L.S.,  F.G.S.,  &c.  London  :  H.  S.  King 
and  Co. 

This  work  is  described  by  its  Author  as  "  An  Expansion  of  the 
Outline  of  Psychology,  contained  in  the  fourth  and  fifth  editions 
of  my  'Principles  of  Human  Physiology'"  (1852  and  1855). 
The  keynote  of  the  whole  work  is  struck  in  the  next  paragraph 
of  the  Preface,  where  Dr.  Carpenter  tells  us  that  "  Not  having 
seen  reason  to  make  any  important  change  in  my  own  psycho- 
logical views  since  I  first  put  them  forward,  but,  on  the  contrary, 
having  found  them  confirmed  and  extended  by  the  experience 
and  refle<5lion  of  twenty  years,  I  set  myself  to  revise  my  former 
exposition  of  them."  The  present  work  is  an  expanded  result  of 
this  effort.  Readers  who  are  desirous  of  admiring  the  immo- 
bility of  Dr.  Carpenter's  "  psychological  views,"  and  of  studying 
the  state  of  psychology  at  the  period  named,  will  find  what  they 
require  somewhat  irregularly  diffused  through  the  708  pages  of 
this  work. 

Dr.   Carpenter's   psychological   immobility,   his   faithful    ad- 
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herence  to  the  lessons  of  his  youth,  are  well  shown  in  Chapters 
i,  and  ix.,  which  treat  of  the  "  General  Relations  of  the  Mind  and 
Body,"  and  of  "  The  Will"  The  physiology  and  philosophy  of 
evolution  is  ignored  throughout,  and  the  docftrine  that  the 
human  will  is  a  something  which  exists  outside  and  independent 
of  the  cerebral  fundtions,  is  laboriously  advocated.  Dr. 
Carpenter  tells  his  readers  that  **  the  acflions  of  our  Minds  in  so 
far  as  they  are  carried  on  without  any  interference  from  our 
Willy  may  be  considered  as  "  Fundlions  of  the  Brain."  On  the 
other  hand,  in  the  control  which  the  Will  can  exert  over  the 
direction  of  our  thoughts,  and  over  the  motive  force  exerted  by 
the  feelings,  we  have  the  evidence  of  a  new  and  independent 
Power,  which  may  either  oppose  or  concur  with  the  automatic 
tendencies,  and  which  accordingly  as  it  is  habitually  exerted, 
tends  to  render  the  Ego  a  free  agent.  And  truly,  in  the 
existence  of  this  Power,  which  is  capable  of  thus  regulating  the 
very  highest  of  those  operations  that  are  casually  related  to 
corporeal  states,  we  find  a  better  evidence  than  we  gain  from 
the  study  of  any  other  part  of  our  Psychical  nature,  that  there  is 
an  entity  wherein  Man's  nobility  essentially  consists,  which  does 
not  depend  for  its  existence  on  any  play  of  Physical  or  Vital 
forces,  but  which  makes  these  forces  subservient  to  its  determi- 
nations." This  passage — the  capitals  and  italics  of  which  are 
Dr.  Carpenter's — summarises  pretty  fairly  the  "  view  which  it 
has  been  the  special  purpose  of  this  Treatise  to  develop."  It 
would  carry  us  far  beyond  the  space  we  can  devote  to  this  book 
to  point  out  a  tithe  of  the  inconsistencies  and  contradictions 
which  necessarily  result  from  an  attempt  to  reconcile  with 
established  physiological  laws  this  notion  of  an  outside  will  over- 
ruling cerebral  fundlion.  The  mere  metaphysician,  reasoning 
only  on  the  data  furnished  by  an  examination  of  his  own  con- 
sciousness, might  plausibly  enough  maintain  such  a  dodlrine ; 
we  might  expe(5t  it  from  a  certain  school  of  theologians,  but 
that  a  physiologist,  and  one  who  comes  forward  as  a  public 
teacher  of  this  branch  of  science,  should  in  1874  publish  the  two 
chapters  above  referred  to,  is  in  itself  a  psychological  anomaly 
sufficiently  curious  to  be  worthy  of  a  place  among  the  cases  of 
aberration  which  Dr.  Carpenter  has  quoted  in  the  course  of 
Chapters  xiii.  to  xviii. 

In  these  Dr.  Carpenter  treats  of  Unconscious  Cerebration, 
Elecflro  Biology,  Sleep,  Dreaming,  Sonnambulism,  Mesmerism, 
Spiritualism,  Intoxication,  Delirium,  and  Insanity.  He  is 
evidently  more  at  home  here  than  in  the  previous  chapters  on 
Memory,  Common  Sense,  and  Imagination,  and  hence  Chapters 
xiii.  to  xviii.  form  the  most  interesting  part  of  the  volume,  the 
illustrative  cases  being  very  numerous,  and  for  the  most  part 
appropriate. 

As  a  matter  of  course  **  Unconscious  Cerebration  "  receives  a 
large  share  of  attention,  and  is  made  to  explain  a  vast  deal. 
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Dr.  Carpenter's  "  unconscious  cerebration "  is  evidently  but 
another  name  for  what  Helmholtz  has  termed  "  unconscious 
judgment."  We  see  no  advantage  in  the  more  pedantic  para- 
phrase which  will  not  bear  critical  examination.  We  may  arrive 
at  a  conclusion  either  in  perception  or  reasoning  by  a  sound, 
healthful,  and  conscious  judgment,  i.e,^  by  an  intellecflual  effort, 
each  step  of  which  is  consciously  understood,  and  therefore 
capable  of  critical  re-examination ;  or  we  may  do  the  same  by 
means  which  are  hidden  to  ourselves,  and  which  therefore  we 
cannot  thus  critically  examine.  In  the  latter  case  the  conclusion 
or  judgment  may  be  a  delusion  to  the  true  nature  of  which  our 
unconsciousness  of  its  origin  renders  us  blind.  Such  uncon- 
scious judgment  would  thus  be  an  abnormal  or  morbid  judgment. 
We  therefore  see  no  objedlion  to  this  term  of  Helmholtz's, 
provided  its  application  be  not  overstrained.  But  Dr. 
Carpenter's  **  unconscious  cerebration,"  as  applied  to  abnormal 
or  morbid  a(flion,  is  a  physiological  contradiction,  inasmuch  as 
cerebration,  when  normal  and  healthy y  is  always  an  unconscious 
operation,  A  man  with  a  healthy  brain  is  conscious  of  seeing, 
hearing,  feeling,  judging,  thinking,  &c.,  but  is  not  conscious  of 
cerebrating.  It  is  only  when  the  brain  is  diseased  or  over- 
worked that  we  are  conscious  of  any  cerebration  whatever,  and 
even  then  the  consciousness  is  very  indefinite.  If  the  term 
unconscious  cerebration  is  to  be  used  at  all,  it  should  be  applied 
to  healthy  adtion  of  the  brain,  while  conscious  cerebration  would 
describe  certain  peculiar  states  of  its  morbid  a(5tion. 

On  the  whole  this  work  of  Dr.  Carpenter's  is  by  no  means  a 
satisfa(5lory  effort.  Had  it  been  published  twenty  years  ago  it 
might  have  had  some  value  as  a  text-book,  but  a  thick  book  on 
«<  Mental  Physiology,"  that  almost  totally  ignores  the  important 
contributions  that  have  been  made  during  the  past  quarter  of  a 
century  by  Helmholtz,  Huxley,  Herbert  Spencer,  and  other 
leading  philosophical  physiologists,  is  of  little  use  to  anybody. 
It  is  true  that  Dr.  Ferrier's  recent  investigations  are  described 
in  an  appendix,  but  the  student  who  only  takes  Dr.  Carpenter's 
book  for  his  guide  will  naturally  suppose  that  the  method  of 
investigation  adopted  by  Dr.  Ferrier  was  something  new  and 
original. 

The  methods  of  experiment,  and  the  main  results  described 
in  this  Appendix  as  Dr.  Ferrier's,  are  really  those  of  Fritsch 
and  Hitzig,  Ferrier  having  merely  followed  up  and  confirmed 
the  investigations  made  three  years  previously  by  these  German 
physiologists.  Dr.  Hitzig  and  some  of  his  compatriots  have 
loudly  complained  of  the  unjust  treatment  which  he  and  Fritsch 
have  received  in  England,  and  these  complaints  appear  to  be 
mainly  founded  upon  this  ignoring  of  their  work  and  existence 
by  Dr.  Carpenter  when  describing  their  methods  and  results. 
The  German  physiologists  appear  to  have  taken  it  for  granted 
that  Dr.  Carpenter's  "  Mental  Physiology  "  is  one  of  our  accepted 
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text-books,  and  that  it  represents  the  English  estimate  of  their 
work.  The  disclaimers  that  have  been  already  made  on  the 
part  of  English  physiologists  have  doubtless  ere  this  convinced 
Dr.  Hitzig  and  his  friends  that  such  is  not  the  case. 


Elements  of  Practical  Hydraulics,  for  the  Use  of  Students  in 
Engineering  and  Architecture,  Third  Edition.  Part  I. 
By  Samuel  Downing,  LL.D.  London :  Longmans 
and  Co. 

The  constantly  extending  use  of  water,  and  of  machinery  and 
appliances  in  connection  therewith,  renders  it  very  desirable 
that  the  engineering  student  should  be  well  versed  in  all 
branches  of  hydraulics,  and  every  additional  facility  for  acquiring 
a  correc5l  knowledge  of  the  principles  upon  which  that  science  is 
founded  is  well  deserving  of  acknowledgment.  The  present 
work — which  has  now  reached  its  third  edition — is  one  of  an 
eminently  high  characfler,  and  having  undergone  a  careful 
revision  prior  to  publication,  is — what  such  a  book  ought  to  be — 
a  very  complete  and  valuable  contribution  to  scientific  literature, 
and  is  no  mere  science  text-book  compiled  exclusively  from 
other  works,  and  edited  by  one  having  little  or  no  knowledge  of 
the  subjedl  treated  on.  Mr.  Samuel  Downing's  name  is  well 
known  as  that  of  a  careful  author,  whilst  the  manner  in  which 
the  work  now  under  review  is  arranged  and  compiled  shows 
clearly  that  that  gentleman  thoroughly  understands  the  subjedl 
on  which  he  writes.  This  volume  does  little  more  than  intro- 
duce us  to  the  first  principles  of  hydraulics;  it  consists  of  but 
three  chapters,  which  treat  respectively  on  the  discharge  of 
water  through  an  orifice,  and  over  weirs,  waste-boards,  or  over- 
falls ;  on  the  flow  of  water  under  variable  heads,  with  examples 
and  practical  applications  as  applied  to  sluices  and  weirs ;  and 
on  the  flow  of  water  through  pipes,  channels,  and  rivers. 
Under  the  above  headings  we  are  introduced  to  the  first 
principles  of  hydraulics  as  applicable  to  irrigation,  river  improve- 
ment, and  water  supply,  the  whole  subjedl  being  thoroughly 
worked  out ;  and,  whilst  the  general  explanations  contained  in 
the  text  are  clearly  and  intelligibly  given,  very  numerous 
formulae  are  furnished,  together  with  tables  of  co-efiicients,  as 
ascertained  by  different  observers  under  varying  circumstances. 
There  are  fewer  works  on  hydraulics  amongst  English  scientific 
literature  than  could  be  desired,  but  many  are  to  be  found  of 
great  value  by  French  writers,  and  from  these  Mr.  Downing  has 
freely  drawn,  giving  the  results  of  experiments  therein  recorded, 
thus  enriching  the  store  of  knowledge  on  this  important  subjedt 
with  which  his  book  abounds. 


386  Notices  of  Books.  [Ju'y> 

Elements  of  Practical  Construction  for  the  Use  of  Students  in 
Engineering  and  Architecture.  Part  I.  By  Samuel 
Downing,  LL.D.     London  :  Longmans  and  Co. 

This  is  another  work  by  the  same  author  as  the  above,  and  is 
noticeable  on  account  of  the  great  care  and  precision  with  which 
it  has  been  compiled.  In  this  volume  the  resistance  of  mate- 
rials to  diredt  compression  and  tension  only  is  treated,  leaving 
to  another  volume  the  subjedls  of  elasticity,  indiredl  compression 
and  tension,  transverse  resistance  and  torsion,  &c.  It  must  be 
clear  to  every  one  interested  in  the  subjedt  of  construdlion  how 
very  important  it  is  that  the  real  strength  of  materials  employed 
should  be  perfedtly  understood,  and  that  they  should  know  how 
to  calculate  the  fadlor  of  safety  under  varying  circumstances. 
This  is  more  difficult  when  varying  or  transverse  strains  have  to 
be  allowed  for,  but  should  be  comparatively  easy  in  the  case  of 
diredl  compression  and  tension  only.  These  latter  may  gene- 
rally be  classified  under  four  heads,  viz. — First,  the  resistance  to 
dire(fl  extension  ;  a  force  being  in  adlion  tending  to  tear  asunder 
the  fibres  or  particles  of  the  body,  as  is  the  case  in  tie-rods,  the 
links  of  the  main  chains  of  a  suspension  bridge,  chain  cables, 
screw-bolts,  &c.  Second,  the  resistance  to  diredl  compression  ; 
a  force  being  present  tending  to  crush  the  particles  or  fibres,  as 
in  pillars,  piers  of  bridges,  shafts  of  columns,  &c.  Third,  the 
resistance  of  a  beam  supported  at  one  or  both  extremities  to  a 
force  adling  in  a  diredlion  transverse  to  its  length,  and  in  fibrous 
material,  as  wrought-iron  and  timber,  perpendicular  to  the  line 
of  fibres,  which  force  is  illustrated  in  the  girders  of  bridges, 
beams,  &c.  Fourth,  the  resistance  to  forces  of  torsion  which 
adl  so  as  to  twist  the  fibres,  as  in  crank-axles,  the  shafting  of 
machinery,  capstans,  &c.  Besides  the  above,  all  of  which  are 
clearly  dealt  with  in  the  present  volume,  many  other  complicated 
varieties  in  the  mode  of  adtion  of  the  resisting  powers  of  bodies 
may  be  enumerated,  such  as  that  which  takes  place  from  the  in- 
terior to  the  exterior  surface  of  hydraulic  presses,  and  of  pieces 
of  ordnance  when  fired,  and  so  forth,  to  which  some  reference 
also  is  made  in  Mr.  Downing's  book.  The  principle  upon  which 
this  work  is  based  is  that  first  giving  a  proposition  for  treating 
each  material,  stating  its  average  ultimate  resistance  :  this  is 
followed  by  experimental  proofs,  and  then  are  given  illustrations 
of  the  material  so  strained,  taken  from  completed  and  successful 
strudlures  of  eminent  engineers. 

The  publication  is  a  very  valuable  one,  and  seems  especially 
adapted  for  the  purpose  for  which  it  is  primarily  intended,  namely, 
for  the  use  of  students,  to  whom  we  can  confidently  commend 
it  for  study,  whilst  it  will,  no  doubt,  also  prove  valuable  for 
reference  by  those  engaged  in  pradlical  work. 
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CORRESPONDENCE. 


THE  POLE  STAR  AND  THE  POINTERS. 
By  Capt.  Allan  Cunningham,  R.E.,  Hon.  Fell,  of  King's  Coll.,  Lond. 


Sir, — Attention  has  been  drawn  (in 
No.  xliii.  of  the  "  Quarterly  Journal 
of  Science)  to  an  interesting  pheno- 
menon conneded  with  the  well-known 
rule  for  finding  the  Pole  Star  by 
means  of  the  **  Pointers  **  (a  and  J3 
Ursx  Majoris).  It  is  there  asserted 
that  it  is  matter  of  popular  observa- 
tion that  the  **  Pointers  "  do  not  at  all 
times  appear  to  **  point "  equally  well 
to  the  Pole  Star,  and  an  attempt  is 
there  made  to  prove  that  popular 
observation  is  herein  correct  in  fact^ 
that  is  to  say  that  the  *'  Pointers  " 
do  not  actually  at  all  times  ** point '' 
equally  well  to  the  Pole  Star. 

The  present  writer,  however,  con- 
siders that  the  true  explanation  of 
the  phenomenon  has  been  quite 
missed  in  the  Article  referred  to,  and 
that  the  Article  itself,  indeed,  con- 
tains its  own  refutation. 

The  true  explanation  to  the  present 
writer's  mind  is  that — 

1.  The  Pointers  do  not  actually 

at  all  times  (of  the  same 
night)  •*  point  "  equally  well 
to  the  Polar  Star  by  an 
amount  depending  solely  on 
aerial  effeds  of  refradion. 

2.  The  Pointers  do  not  appear — 

to  the  unaided  human  eye — 
to  "  point  "  equally  well  at 
all  times  (of  the  same  night) 
to  the  Pole  Star  by  an 
amount  depending  solely  on 
an  error  of  judgment  (of  the 
observer)  in  tracing  the  '*  di- 
redlingline'*  in  the  heavens, 
and  which  apparent  change 
of  the  obliquity  of  the 
**  diredling  line  "  must  there- 
fore be  considered  an  optical 

ILLUSION. 

3.  There    is    a    minute    annual 

change  of  the  **  directing 
line  " — due  to  the  earth's 
orbital  motion — appreciable 
only  with  difficulty  by  the 
best  instruments. 

4.  There      is     a     slow      secular 

change  in  the  relative  pobi- 


tions  of  the  three  stars— due 

to    their    proper    motions — 

in  consequence  of  which  the 

"direaing     line"    of     the 

Pointers  will  in  the  course 

of  ages  cease  to    •*  point " 

towards  or  near  the  present 

Pole  Star,  but  this  change 

will  be  very  slow. 

The  first  two  eifeds  of  actual  and 

apparent   change   (during  the    same 

night)  of  the  obliquity  of  the  **  dired- 

ing  line  "  of  the  Pointers  are  the  only 

ones  of  present  interest. 

It  may  be  premised  that  both 
eifeds  will  be  zero  at  the  North  Pole, 
and  extremely  small  in  high  northern 
latitudes ;  and  will  both  increase 
with  proximity  to  the  Equator,  the 
latter  increasing  much  the  more 
rapidly. 

The  former  effed  —  the  adual 
change — would  be  so  small  in  Great 
Britain  as  to  be  appreciable  only  with 
instruments,  but  would  probably  be- 
come appreciable  to  the  unaided  eye 
in  low  northern  latitudes :  the  latter 
effedt — the  apparent  change  (merely 
an  optical  illusion) — will  rapidly  in- 
crease with  distance  from  the  North 
Pole,  and  is  perceptible  in  Great 
Britain. 

As  both  effeds  increase  with  prox- 
imity to  the  Equator,  the  joint  effed* 
would  of  course  be  more  noticeable 
in  low  northern  latitudes,  especially 
to  one  leaving  a  considerably  higher 
northern  latitude ;  indeed  the  atten- 
tion of  the  writer  of  the  previous 
Article  seems  to  have  been  first 
attraded  (see  p.  286  of  No.  xliii.  of 
the  **  Quarterly  Journal  of  Science  ") 
to  the  phenomenon  when  on  a  voyage 
towards  the  Equator. 

That  the  principal  part  of  the 
apparent  change  of  obliquity  of  the 
*•  diredive  line  '*  of  the  Pointers  from 
the  Pole  Star  is  really  an  error  of 
judgment — i.e,  only  an  apparent 
change,  or  an  optical  illusion-^may 
be  with  some  trouble  experimentally 
verified  by  any  one  who  has  a  small 
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portable  equatoriably  mounted  tele- 
scope (a  "  comet-seeker "  would  do 
very  well) — ^it  would  be  better  if  fitted 
with  clockwork  motion— or  a  small 
transit  theodolite.  The  experiment 
would  probably  be  more  convincing 
to  many  than  any  amount  of  purely 
geometrical  reasoning  as  to  what 
ought  to  he.  It  will  be  described  as 
performed  with  a  small  equatorial 
fitted  with  a  set  of  hairs  in  its  dia- 
phragm, and  means  of  illuminating 
the  hairs. 

Experiment. — The  instrument  must 
be  set  up  so  that  the  centre  of  the 
middle  hair  shall — by  moving  the 
telescope  round  the  declination 
axis  only — traverse  both  Pointers: 
the  proper  position  will  differ  only 
sl'ghtly  from  the  usual  position  of  an 
equatorial,  and  may  be  found — by 
trial — by  setting  up  the  instrument 
as  usual,  i.e.  with  the  polar  axis 
pointing  to  the  North  Pole,  and  then 
correding  the  position  by  shifting  the 
polar  axist  partly  in  azimuth,  partly 
in  altitude.  The  corred  position, 
vix.  that  in  which  the  centre  of  the 
middle  hair  traverses  both  Pointers 
on  rapidly  moving  the  telescope  round 
its  declination  axis,  will  be  secured 
after  a  few  trials.  When  this  posi- 
tion has  been  secured,  the  reading  of 
the  hour-circle  should  be  noted : 
after  which,  turn  the  telescope  round 
its  declination  axis,  as  near  the  Pole 
Star  as  possible — when,  if  the  tele- 
scope be  of  low  power,  the  Pole  Star 
will  be  in  the  field  of  view :  the 
centre  of  the  middle  hair  must  now 
be  made  to  cover  the  Pole  Star  by 
use  of  the  motions  round  both  polar 
and  declination  axes  ;  after  which  the 
hour-circle  must  be  read  again.  One 
observation  is  now  complete:  the 
difference  between  the  two  readings 
on  the  hour-circle  will  be  the 
deviation  (f  m  in  Fig.  i)  of  the 
•'  diredlive  line  "  of  the  Pointers  from 
the  Pole  Star — aflfedted,  however, 
to  some  extent  by  the  rotation  of 
the  earth  during  the  interval  of 
observation. 

It  is  very  desirable  that  the  whole 
observation — from  the  moment  the 
instrument  is  in  proper  position — 
should  bf  rapidly  performed,  so  as  to 
r^duce  the  last  effedt  as  much  as 
possible  :  the  apparent  motion  of  the 
Pule  Star  is  so  slow,  that,  if  the 
operation  be  rapidly  performed,  the 


earth^s    rotation    will    not    sensibly 
affed  the  observation. 

The  above  process  should  be  re- 
peated at  other  times  of  night:  the 
position  of  the  instrument  will  require 
slight  shifting  for  every  observation 
to  secure  the  necessary  condition 
that  the  centre  of  the  middle  hair 
should  traverse  both  Pointers  by  the 
rapid  motion  of  the  telescope  round 
the  declination  axis. 

It  is  obvious  that  a  transit  theodo- 
lite might  (with  some  trouble)  be 
used  in  the  same  manner  by  fitting  it 
with  a  strong  universal  joint  and 
clamp,  so  that  it  might  be  possible  to 
tilt  its  horizontal  plates  into  the  same 
position  as  the  hour  circle  of  the 
equatorial.  Care  must  be  taken  that 
the  joint  and  clamp  are  r.trong 
enough  and  stiff  enough  to  hold  the 
whole  weight  of  the  instrument 
steady  throughout  the  observation. 

It  will  be  found  that  the  values  of 
the  **  deviation  "  of  the  '*  diredive 
line^ot"  the  Pointers  obtained  from 
different  observations  will — if  the 
observations  have  been  well  made — 
not  differ  from  each  other  by  any 
such  large  kmount  as  would  be  appre- 
ciable by  the  unaided  eye. 

The  result  of  this  experiment  is  a 
proof  positive  that  the  principal  part 
of  the  apparent  change  of  obliquity  of 
the  "directive  line**  is  only  an 
apparent  change,  i.e.,  an  optical  illu- 
sion. 

The  small  difference  in  the  values 
of  the  **  deviation  "  as  obtained  from 
different  observations,  are  due  to  the 
following  causes: — i.  An  <utual 
change  due  to  aerial  effeds  of  refrac- 
tion. 2.  Errors  of  observation  due 
partly  to  errors  of  the  observer,  and 
partly  to  the  imperfedion  of  the 
experiment  in  introducing  improperly 
effeds  of  the  earth's  rotation. 

It  will  now  be  shown  that  the 
above  result  mi^ht  have  been  ex- 
peded  h  priori,  i.e.^  that — barring 
effeds  of  refradion  —  there  is  no 
change  in  the  obliquity  of  the 
•*  directive  line  "  of  the  Pointers  from 
the  Pole  Star  at  different  times  or 
places. 

Consider  first  the  meaning  of  the 
word  "  point  "  as  here  used  of  stars. 
The  popular  explanation  would  pro- 
bably be — 

Popular    Explanation.  —  "  Two 
stars  are  said  to  '  point '  at 
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a  third  when  an  apparently 
straight  line  joining  them 
passes  through  the  third,  if 
produced.*' 
Now  this  definition  is  only  tolerably 
good  for  very  small  portions  of  the 
celestial  sphere:  apparently  straight 
lines  cannot  be  drawn  at  all  over  any 
considerable  portion  of  the  sphere. 
The  only  real  analogue  to  straight 
lines  in  plane  is  that  of  Great 
Circles  on  the  sphere,  which  are 
really  the  shortest  lines  which  can  be 
drawn  between  two  points :  small 
portions  of  Great  Circles  do  really 
seem  apparently  straight :  no  other 
lines  on  the  sphere  can  possibly  be 
apparently  straight,  but  are  both 
actually  and  apparently  curved^  and 
in  general  twisted.  The  proper  defi- 
nition of  "pointing"  as  applied  to 
stars  is  therefore— 

Definition. — **  Two  stars  are  said 
to  *  point  *  at   a  third,  when 
a  Great  Circle  through  them 
passes  through  the  third  if 
produced." 
'  Apply    this    to    the    case    of  the 
Pointers  and  Pole  Star.     Their  rela- 
tive positions  are  plotted  to  scale  in 
Fig.  I    from    data    taken    from    the 
"  Nautical  Almanac."    In  the  figure  P 
is  the  north  pole  of  the  heavenn.  p  is 
the  Pole  Star,  a  and  fi  are  the  two 
Pointers  (a  and  /3  Ursae  Majoris). 

The  lines  P/,  Pj^,  Pa,  /3a,  /3/— 
straight  lines  in  the  diagram — repre- 
sent the  Great  Circles  in  the  he<ivens 
joining  the  points  named :  thus  the 
(straight)  line  /3  a  represents  the  Great 
Circle  in  the  heavens,  which  is  the 
true  *'  diredlive  line  "  of  the  Pointers, 
and  along  which,  therefore,  they  must 
be  said  to  "  point."  It  will  be  ob- 
served that  the  Pointers  (a,  /3)  do  not 
lie  on  the  same  Great  Circle  through 
P  (the  Great  Circles  Pa,  P/3,  include, 
in  fadk,  an  angle  of  about  30')  and 
therefore  do  not  **  point "  to  the  pole 
(P) ;  the  Great  Circle  arc  p  m,  drawn 
perpendicular  to  fiam,  is  "  deviation  " 
of  the  "  diredive  line  ^*  (3am  of  the 
Pointers  from  the  Pole  Star  (^),  and 
subtends  at  the  further  Pointer  the 
angle  ^ /3  a,  which  is  what  has  been 
styled  above  the  **  angle  of  obliquity 
of  ths  directive  line"  of  the  Pointers 
from  the  Pole  Star. 

Imagine  this  figure  traced  in  visible 
glittering  lines  in  the  heavens  at  any 
instant :  it  will  seem  to  swing  round 


the  celestial  pole  (P) — in  consequence 
of  the  earth's  rotation — as  a  whole, 
i.e.f  preserving  an  invariable  figure 
(barring  aerial  effeds  of  refradtion), 
so  that  the  "  angle  of  obliquity " 
pfia  will  remain  constant.  It  follows, 
therefore,  that  —  excepting  aerial 
effects — the  Pointers  do  at  all  times 
of  the  same  night,  and  at  all  places, 
"  i)oint "  equally  well  to — (deviate  by 
a  constant  quantity  from) — the  Pole 
Star. 

It  is  easy  to  verify  the  above  by  a 
simple  experiment : — 

Experiment. — Take  an  orange  (or  a 
worsted  ball)  to  represent  the  celes- 
tial sphere :  drive  a  knitting  needle 
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through  it, — this  will  be  a  tangible 
representative  of  the  axis  of  apparent 
diurnal  rotation  of  the  heavens, — but 
only  far  enough  to  let  one  end  just 
projed ;  this  end  will  represent  the 
North  Pole  (P)  of  the  heavens.  Next 
drive  three  pins  up  to  their  heads 
into  the  orange  in  positions  similar 
to  p,  j8,a  in  the  figure :  the  three  pin- 
heads  will  represent  the  Pole  Star  {p), 
and  the  two  Pointers  (a,  /3).  Strain 
a  fine  thread  from  the  pin  p  round 
the  pins  /3,  a,  and  pin  it  down  again 
at  m,  a  point  in  the  diredion  oJ  fia 
produced.  The  thread  (if  properly 
strained)  will  cling  to  the  orange 
along  the  Great  Circles  p  p,  fiam. 
The  construdion  is  now  complete. 

Face  the  north,  and  hold  the 
orange  with  the  projeding  end  of  the 
needle  pointing  towards  the  North 
Pole  of  the  heavens  (which  it  repre- 
sents), and  turn  the  orange  slowly 
round  the  needle  (held  in  the  hand) 
in  the  same  diredion  as  the  stars 
appear  to  move,  i.e.  rising  from  the 
east  or  right  hand :  the  set  of  pin- 
heads  representing  the  Pole  Star  and 
Pointers  will  now  move  in  precisely 
the  same  manner  as  the  apparent 
diurnal  motion  of  the  adual  Pole 
Star  and  Pointers,  and  it  will  be  at 
once  recognised  that  the  '*  angle  of 
obliquity  (}  pa)  o(  the  diredive  line  ** 
continues  invariable^  i.e.,  that  the 
Pointers  do  always  '*  point "  equally 
well  to,  i.e.  with  equal  deviation  from, 
the  Pole  Star. 

It  will  also  be  understood  that  the 
Great  Circle  (Pam)  through  the 
Pointers  was  the  line  traced  out  in 
the  heavens  by  the  centre  of  the 
middle  hair  of  the  equatorial  in  the 
first  experiment,  and  that  the  arc  p  m 
was  the  angle  obtained  as  the  dirfer- 
ence  of  the  readings  on  the  hour- 
circle. 

Effects  of  Atrial  Refraction.^The 
eifed  of  the  earth's  atmosphere  on 
the  rays  of  light  by  which  the  stars 
become  visible  to  us  is  to  raise  the 
apparent  position  of  all  by  a  small 
amount,  so  that  all  appear  higher 
than  they  would  if  no  atmosphere 
existed.  The  amount  of  apparent 
increase  of  altitude  depends  on  the 
adual  altitude,  and  is  greatest  (about 
thirty-three  minutes)  for  a  star  in  the 
horizon,  and  rapidly  diminishes  with 
increase  of  adual  altitude,  and  van- 
ishes at  the  zenith. 


Now  as  the  Pole  Star  and  Pointers 
are  generally  at  very  different  alti- 
tudes above  the  horizon,  the  apparent 
increase  of  altitude  is  generally 
different  for  each  of  the  three,  being 
always  greatest  for  the  lowest,  and 
least  for  the  highest ;  moreover  this 
apparent  increase  of  altitude  changes 
in  magnitude  slowly  from  instant  to 
instant,  the  variation  being  different 
for  each  of  the  three,  vtx.,  least  for 
the  Pole  Star,  which  can  never  be 
more  than  about  i  i°  above  or  below 
the  pole,  and  greatest  for  the  further 
Pointer  (/3),  which  may  be  about  32° 
49'  above  or  below  the  pole. 

The  effed  of  this  varying  increase 
of  altitude  of  the  visible  positions  of 
the  three  stars  (different  in  amount 
for  each  star)  on  the  problem  in  hand 
is  a  slight  change  both  of  position  and 
of  shi^e  of  the  spherical  triangle 
p  Pm  from  the  normal  form  (of  the 
diagram)  which  it  would  have  (ex- 
cluding atmospheric  effeds),  and  this 
change  varies  slowly  from  instant  to 
instant.  Thus  the  apparent  shape  of 
the  spherical  triangle  p  Pm  does 
really  vary  throughout  the  night,  and 
therefore  also  the  "  apparent  devia- 
tion" {pnt)f  and  also  the  "apparent 
angle  of  obliquity  "  of  the  Pole  Star 
from  the  Pointers  do  really  vary 
throughout  the  night. 

This  effed  is,  however,  zero  at  the 
North  Pole  of  the  earth,  for  all  three 
stars  will  there  be  apparently  raised 
by  a  constant  small  amount  (different, 
of  course,  for  each  star,  but  invariable 
for  the  same  star) :  thus  the  apparent 
shape  of  the  spherical  triangle  p  Pm 
will  be  (slightly  different  indeed  from 
its  true  shape,  aerial  effedft  excluded, 
but)  of  invariable  form  throughout 
the  night,  so  that  the  "angle  of 
obliquity  of  the  diredive  line  "  of  the 
Pointers  is  both  adually  and  appa- 
rently invariable  at  the  North  Pole  of 
the  earth. 

The  effed  due  to  refradion  will 
increase  at  first  very  slowly  from  the 
North  Pole  towards  the  Equator, 
and  will  be  sensibly  zero  in  all  high 
northern  latitudes,  and  even  in  Great 
Britain  will  be  so  small  as  to  be  in- 
appreciable to  the  unaided  eye.  The 
effed  will  increase  more  rapidly 
towards  the  Equator.  The  solution 
of  the  following  Problem — 

Problem—"  In  what   latitude,  and  at  what 
hour  does  the  effcA  of  aerial  refraction  cause 
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most  variation  in  the  'deviation*  of  the 
*  directive  line'  of  the  Pointers  from  the 
Pole  Star  (apparent  povitions  only  con- 
eidered),  and  what  will  that  maximum  varia- 
tion be  ? » 

would  be  a  matter  of  considerable 
mathematical,  or  rather  numerical, 
complexity,  and  is  hardly  worth  the 
^eat  labour  it  would  probably  involve. 
It  seems,  however,  ^ro6a6/^  that  this 
maximum  would  occur  at  or  near  the 
Equator;  and  it  is  possible  that  it 
might  be  large  enough  to  be  appre- 
ciable by  the  unaided  eye. 

Explanation  of  Cause  of  Optical 
I  Huston. — It  having  been  shown  that 
the  principal  part  of  the  apparent 
change  during  the  same  night  of  the 
'*  angle  of  obliquity  of  the  diredlive 
line**  of  the  Pointers  is  only  an 
apparent  change,  having  no  existence 
in  fad,  and  which  can  therefore  only 
be  regarded  as  an  optical  illusion, 
it  remains  to  endeavour  to  give  some 
explanation  of  the  cause  of  so  extra- 
ordinary an  illusion. 

It  has  been  explained  that  the  true 
meaning  of  the  phrase  "  two  stars 
point  at  a  third  "  is  that  the  Great 
Circle  through  the  two  stars  passes — 
if  produced — through  the  third.  Un- 
less, therefore,  the  eye  can  properly 
trace  out  and  produce  a  Great  Circle 
in  the  heavens,  the  mind  cannot 
fairly  Judge  of  the  manner  in  which 
two  stars  **  point " — whether  well  or 
ill — at  a  third. 

The  illusion  appears  to  depend 
entirely  on  the  fad  that  the  tracing 
of  Great  Circles  in  the  heavens  is  an 
unfamiliar  matter.  This  may  readily 
be  tested  by  trial.  Let  anyone 
endeavour  to  trace  Great  Circles  in 
the  heavens  between  pairs  of  stars 
not  very  far  apart,  and  produce  them 
as  far  s»s  possible  in  both  diredions, 
and  then  compare  them  with  the 
Great  Circles  obtained  by  straining  a 
fine  string  through  the  same  pairs  of 
stars  on  a  celestial  globe ;  he  will  be 
astonished  at  the  discrepancy  when 
the  Great  Circles  are  not  vertical  or 
nearly  so.  Let  it  be  remembered 
that  every  such  Great  Circle  ought  to 
cut  the  horizon  in  two  points  dia- 
metrically opposite.  There  will  be 
found  no  difficulty  in  tracing  out 
vertical  or  nearly  vertical  Great 
Circles  tolerably  corredly ;  but  when- 
ever the  true  Great  Circle  would  be 
considerably  inclined  to  a  vertical 
circle,  it  will  be  found  that— if  the 
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stars  be  not  very  far  apart— the  Great 
Circle  as  traced  by  the  unaided  eye 
will  not  cut  the  horizon  in  two  points 
diametrically  opposite,  nay — if  the 
obliquity  be  very  great — ^will  not  cut 
the  horizon  at  all  1 

The  eye  seems  to  be  influenced  in 
some  way  by  an  impression  of  the 
position  of  the  horizon ;  so  that  if 
pairs  of  stars  be  seleded  at  the  same 
or  nearly  the  same  altitude,  the  im- 
pulse to  draw  a  horiiontal  circle — 
which  is,  of  course,  a  small  circle  of 
the  sphere — through  them  will  be 
found  almost  irresistible  I 

Anyone  who  tries  this  experiment 
fairly  a  few  times  will  soon  be  con- 
vinced that  the  apparent  change  of 
"  deviation  "  of  the  *•  diredive  line  " 
of  the  Pointers  from  the  Pole  Star 
exists  only  in  imagination,  and  is  a 
remarkable  instance  of  optical  illu- 
sion. 

The  cause  of  the  great  influence  of 
the  horizon  on  the  attempt  to  trace 
oblique  Great  Circles  in  the  heavens 
is  probably  that  all  our  associations 
of  pradical  life  are  with  figures 
drawn  on  the  earth,  i.e.  on  a  hori- 
zontal plane,  and  that  the  recoUedion 
in  the  mind  of  these,  the  familiar 
work,  insensibly  influences  the  eye 
in  endeavouring  to  do  the  unfamiliar 
work  in  the  heavens. 

An  Article  has  been  published  in 
the  "  Quarterly  Journal  of  Science," 
No.  xliv.,  for  Odober,  1874,  with  title 
"  On  the  Curved  Appearance  of 
Comets*  Tails,'*  by  the  author*  of  the 
Article  on  the  Pole  Star  and  Pointers 
in  No.  xliii.  of  that  Journal. 

The  Author  endeavours  to  explain 
that  the  "  curved  appearance  "  of  the 
tail  is  commonly  only  an  appearance 
due  to  the  position  of  the  tail  in  the 
sky,  and  changing  in  curvature  from 
hour  to  hour  in  consequence  of  the 
change  of  apparent  position  due  to 
the  earth's  rotation.  The  Author's 
argument  is  virtually  simply  a  reitera- 
tion of  the  argument  in  his  Article  on 
the  Pole  Star  and  Pointers  in  No. 
xliii.  of  the  ''Quarterly  Journal  of 
Science."  Anyone  who  has  under- 
stood the  explanation  advanced  in 
the  present  Article  of  the  difficulty 
experienced  by  the  eye  in  tracing 
Great  Circles  in  the  heavens  will  see 
that  ^ny  supposed  change  of  curvature 
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of  a  Comeths  tail  from  hour  to  hour, 
due  to  its  apparent  change  of  position 
in  the  sky  from  hour  to  hour,  is  not — 
astronomically  speaking  —  an  **  ap- 
parent change  "  of  curvature,  but  is, 
in  fad,  for  the  most  part,  an  optical 

ILLUSION. 

There  is,  however,  an  ••  apparent 
change  "  of  curvature  of  the  tail  from 
hour  to  hour,  due  partly  to  real 
changes  of  figure  in  the  tail  itself,  and 
partly  to  the  real  change  of  position 
of  the  whole  comet  in  space.  This 
*'  apparent  change  "  of  curvature  is 
not  noticed  in  the  Article  referred  to. 

It  is  the  **  apparent  curvature," 
and  "  apparent  change  **  of  curvature 
of  comets*  tails  due  to  their  real 
curvature,  and  real  change  of  curva- 
ture or  real  change  of  position  in 
space,  which  are  referred  to  in  works 
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on  Astronomy.  It  seems  incredible 
that  all  writers*  on  Astronomy  up  to 
the  present  time  should  have  con- 
fused the  cause  of  supposed  visible 
curvature  or  change  of  curvature 
firom  hour  to  hour — which  is  here  ex- 
plained to  be  a  mere  optical  illu 
siON — with  the  **  apparent  curvature 
and  **  apparent  change  "  of  curvature 
(due  to  real  curvature  and  to  real 
change  of  curvature  or  real  change  of 
position  in  space). 


*  An  eztniA  is  given  in  the  Article 
referred  to  trom  Herschers  "Outlines  of 
Astronomy,"  Art.  557,  as  "showing  some 
obscurity  in  the  mmds  of  former  writers 
on  astronomy  on  this  snbjeA  of  the  curves  of 
comets'  tails."  It  seems  needless  to  say, 
however,  that  Herschel  there  offers  a 
physical  explanation  only  of  the  fttU  cnrvo' 
ture. 
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MINING. 

In  a  Memoir  on  the  Geology  of  Darjiling,  recently  published  by  the  Geological 
Survey  of  India,  Mr.  F.  R.  Mallet  gives  some  interesting  fads  respeding  the 
occurrence  of  coal  in  this  locality.  Although  the  late  Dr.  Archibald  Campbell 
many  years  ago  called  attention  to  the  reputed  discovery  of  coal  in  this  out- 
of-the-way  corner  of  India,  it  was  not  until  Dr.  Hooker  visited  the  country,  in 
1849,  ^^^^  ^^uc  carbonaceous  deposits  were  observed.  The  importance  of  a 
supply  of  coal  for  the  great  trunk  railways  of  India  has  caused  attention  to  be 
hitherto  concentrated  on  the  fields  south  of  the  Ganges;  but  the  connexion 
of  Calcutta  with  the  hill-country,  by  means  of  the  Northern  Bengal  State 
Railway,  has  recently  diredied  attention  to  the  Darjiling  coal,  and  has  led  to 
the  investigation  of  the  country  by  the  Geological  Survey.  Mr.  Mallet  gives 
a  list  of  localities  where  the  coal-seams  crop  out.  Most  of  these  seams  are 
highly  inclined,  and  have  been  so  violently  disturbed  that  the  coal  is  for  the 
most  part  crushed,  and  even  reduced  to  powder,  so  that  it  could  be  easily  dug 
out,  but  would  need  to  be  compadted  by  artificial  means  in  order  to  be  avail- 
able as  fuel.  The  writer  discusses  the  question  whether  it  should  be  coked  or 
prepared  as  artificial  fuel,  and  inclines  to  the  latter  method. 

Copper-mining  has  long  been  carried  on  in  the  neighbourhood  of  Darjiling, 
though  only  on  a  small  scale  and  unsystematically.  The  ore  is  copper- 
pyrites, — not  in  true  lodes,  but  disseminated  through  slates  and  schists.  A 
det>cription  of  the  crude  methods  of  mining  and  smelting  the  ores,  as  practised 
by  the  natives,  is  given  by  Mr.  Mallet  in  his  **  Survey  Memoir.^*  He  concludes 
that  the  prosped  of  copper- mining  in  this  distrid  is  noi  inviting  to  European 
enterprise. 

Some  notes  on  the  iron  ores  of  Kumaon  have  been  contributed  to  the 
records  of  the  Geological  Survey  of  India,  by  Mr.  Theodore  Hughes,  who  has 
also  published  some  notes  on  the  raw  materials  employed  for  iron-smelting  in 
the  Ranigang  coal-field.  The  weak  point  in  most  of  the  Indian  coals  appears 
to  be  the  large  proportion  of  inorganic  matter  which  they  contain  as  compared 
with  that  of  our  own  coals.  A  complete  series  of  analyses  of  thirty  different 
Indian  coals  has  lately  been  made  by  Mr.  Tween,  under  Dr.  Oldham's 
diredion. 

In  consequence  of  the  reported  discovery  of  a  new  coal-field  in  the  Garoo 
Hills,  a  cursory  examination  of  the  distrid  has  been  made  by  Mr.  H.  B.  Med- 
licott,  who  thinks  it  safe  to  conclude,  from  his  observations,  that  a  coal-field 
of  considerable  extent  exists  in  the  vrry  heart  of  these  hills,  the  measures 
occup3'ing  an  area  of  about  12  or  15  square  miles. 

Mr.  V.  Ball  publishes,  in  the  Records  of  the  Indian  Survey,  a  note  of  his 
visit  to  the  coal-deposits  recently  discovered  in  the  south-east  corner  of 
Afghanistan ;  and  Mr.  R.  Bruce  Foote  describes  his  examination  of  the  gold- 
deposits  of  the  Dambal  Hills,  with  the  view  of  determining  the  sources  whence 
the  stream-gold  of  this  region  has  been  derived. 

Large  deposits  of  iron  ore  and  extensive  beds  of  coal  occur  in  the  neigh- 
bourhood of  Wallerawang.  about  100  miles  from  Sydney.  These  deposits 
have  recently  been  visited  and  described  by  Prof.  Liversidge,  who  has  recorded 
his  observations  in  an  interesting  paper.  The  ores — chiefly  magnetic  and 
brown  iron  ores^-occur  near  the  jundion  of  the  cual-measures  with  either 
Upper  Silurian  or  Devonian  rocks.  The  coal-measures  contain  several  valu- 
able beds,  including  three  principal  seams,  of  which  the  lowest  has  a  thickness 
of  17  feet  6  inches,  the  middle  seam  6  feet  6  inches,  and  the  uppermost  4  feet 
6  inches.  Limestone  occurs  in  the  neighbourhood,  and,  on  the  whole,  the 
distrid  of  Wallerawang  appears  desiined  to  be  one  of  the  most  flourishing 
mining  centres  in  the  Colony. 
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From  Nova  Scotia  we  have  received  the  Annual  Report  of  the  Inspedlor  of 
Mines,  Mr.  H.  S.  Poole.  The  statistics  here  given  show  that  in  1874  there 
were  in  the  Province  30  coal-mines,  producing  872,720  tons  of  coal,  and 
33  gold-workings,  yielding  9141  ounces  of  gold.  Compared  with  the  produce 
of  the  preceding  year  there  is  a  falling  off,  which  may  in  part  be  accounted 
for  by  the  general  dulne^^s  of  trade.  In  addition  to  the  stati^ttical  information, 
the  Report  contains  some  general  observations,  by  Mr.  Poole,  on  such 
branches  of  mining  as  are  carried  on  in  the  Province. 

The  last  number  of  the  **  Annales  des  Mines  "  opens  with  a  long  memoir 
on  the  Sulphur-Mines  of  Sicily,  by  M.  C.  Ledoux.  During  a  visit  to  some  of 
the  more  important  sulphur-yielding  localities,  in  1871,  he  coUet^ed  a  good 
deal  of  information  on  this  branch  of  industry ;  and  although  important  me- 
moirs on  the  suhjedl  have  been  written  by  Parodi  and  Mottura,  the  present 
paper  presents — in  a  convenient  and  accessibl<*  form — a  general  sketch  of  the 
geological  struduie  of  the  sulphur- producing  distrids,  the  working  of  the  ore, 
and  its  treatment  for  the  produdion  of  sulphur. 

Mr.  Waringion  W.  Smyth,  of  the  Royal  School  of  Mines,  recently  delivered 
to  the  Iron  and  Steel  Institute  an  interesting  ledlure  on  the  Ores  of  Iron,  con- 
sidered in  their  Gtfological  Relations.  It  is  to  be  hoped  that  this  lecture  will 
be  published  in  the  Journal  of  the  Institute. 

METALLURGY. 

At  the  recent  metropolitan  meeting  of  the  Iron  and  Steel  Institute  the 
newly-eleAed  president,  Mr.  Menelaus,  devoted  the  greater  part  of  his  Address 
to  a  review  of  the  chief  modem  improvements  in  the  manufat^ure  of  wrought- 
iron  and  steel.  The  satisfadory  working  of  Danks's  system  at  the  Erirous 
Iron- Works,  near  Stockton,  was  explained  by  Mr.  J.  A.  Jones.  The  other 
forms  of  puddling  machinery  were  noticed  by  Mr.  Menelaus,  who  concludes 
that  mechanical  puddling  is  now  an  established  success,  and  that  better 
results  may  be  thus  obtained  than  by  the  old  method  of  manual  puddling. 

Turning  to  steel,  the  president  referred  to  the  advantage  of  converting  pig< 
iron  into  Bessemer  steel  by  running  the  crude  metal  direct  from  the  blast- 
furnace into  the  converter,  and  thus  saving  the  cost  of  melting.  With 
reference  to  the  wide  application  of  steel  in  the  Arts,  he  gave  the  results  of 
the  experience  of  some  of  our  leading  mechanical  engineers  in  favour  ol  the 
use  of  a  mild  steel  for  purposes  of  construdion. 

The  Bessemer  medal  has  this  year  been  awarded  to  Dr.  C.  W.  Siemens. 

In  continuation  of  his  valuable  researches  on  the  consumption  of  heat  in 
the  blast-furnace,  Mr.  I.  L.  Bell  has  recently  read  a  paper  "  On  the  Sum  of 
Heat  Utilised  in  Smelting  Cleveland  Ironstone."  He  calculates  that  in  the 
combustion  of  the  best  South  Durham  coke  only  51*27  per  cent  of  its  heating 
power  is  utilised,  the  remainder  being  carried  from  the  tunnel-head.  In 
seeking  to  determine  how  this  may  best  be  utilised,  he  has  been  led  to  effed 
certain  improvements  in  the  construdion  of  the  boilers  and  hot-blast  pipes  at 
the  Clarence  Iron-Works,  whereby  the  heating-power  of  the  waste  gases  is  so 
economised  that  all  the  heat  needed  for  generating  steam  and  heating  air  for 
furnaces. is  thus  obtained,  with  some  to  spare,  whilst  in  the  old  system,  at  the 
same  Works,  it  was  always  found  necessary  to  supplement  the  heat  afforded 
by  the  waste  gases. 

An  interesting  process  is  now  carried  on  by  the  Great  Snowdon  Copper 
Mining  Company,  for  exiradting  copper  from  poor  01  es.  The  ore  having  been 
crushed  is  mixed  with  a  small  proportion  of  lime,  and  made  up  into  a  shape 
convenient  for  stacking  in  a  kiln ;  the  kiln  of  ore  is  then  fired,  and  the  roasted 
ore  afterwards  crushed  and  lixiviated.  By  this  means  the  sulphide  of  copper 
originally  present  in  the  ore  becomes  converted  into  a  soluble  sulphate,  and 
on  parsing  sulphuretted  hydrogen  through  the  solution  the  meial  is  precipi- 
tated as  a  sulphide  sufficiently  pure  to  be  at  once  smelted. 

A  paper  on  '*  The  Extradion  of  Silver  from  Cupreous  Iron- Pyrites,"  read 
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before  the  Tyne  Chemical  Society,  by  Mr.  T.  Gibb.  has  recently  been  published 
in  the  **  Chemical  News  "  (April  16).  After  describing;  the  ordinary  process  of 
treating  burnt  pyrites  by  the  wet  way,  he  refers  to  Claudet*s  method  of  ex- 
tracting the  sm^ll  proportion  of  silver,  and  then  describes  his  own  process  for 
effeding  this  extradtion  as  pradised  by  the  Bede  Metal  and  Chemical  Com- 
pany. This  process  consists  in  precipitating  the  greater  proportion  of  the 
silver  from  the  copper  liquors  by  means  of  sulphuretted  hydrogen,  only  a 
small  proportion  of  copper  being  simultaneously  thrown  down.  The  sul- 
phuretted hydrogen  is  economically  obtained  by  the  adion  of  dilute  hydro- 
chloric acid  on  **tank  waste."  This  sulphuretted  hydrogen,  mixed  with 
carbonic  acid,  and  diluted  with  a  large  volume  of  atmospheric  air,  is  blown 
through  the  copper  liquors  for  about  twenty  minutes.  The  precipitated 
sulphide  of  silver  is  calcined  at  a  low  temperature,  and  then  ground  and 
lixiviated,  first  with  water,  to  dissolve  sulphate  of  copper,  and  afterwards  with 
a  hot  solut'on  of  common  salt,  to  dissolve  out  the  chloride  of  silver  which  is 
present.  The  solution  is  mixed  with  milk  of  lime,  and  the  precipitate, 
having  been  washed,  is  digested  in  dilute  sulphuric  acid,  and  again  washed 
and  dried. 

An  improved  method  of  preparing  metallic  barium  has  been  devised  by  M. 
Sergius  Kern,  of  St.  Petersburg  (**  Chemical  News,"  June  4).  He  precipitates 
iodide  of  barium  by  the  adtion  of  iodine  on  barium  hydrate,  and  then  decom- 
poses the  iodide  by  heating  it  with  metallic  sodium.  Barium  is  separated 
from  the  resulting  mixture  by  means  of  mercury,  and  this  metal  is  then 
distilled  o£f  from  the  amalgam,  and  the  barium  thus  obtained  in  a  free  state. 

MINERALOGY. 

A  short  time  ago  a  nickel  ore  from  New  Caledonia  was  described  by  Prof. 
Liversidge,  of  Sydney,  under  the  name  oi  Noumeite^  after  Noumea,  the  capital 
of  the  island.  According  to  a  paper  since  read  before  the  Royal  Society  of 
New  South  Wales,  it  appears  that  the  Rev.  W.  B.  Clarke  has  suggested  that 
the  name  of  GarnUrite  should  be  bestowed  on  this  mineral,  since  M.  Garnier, 
a  French  geologist,  some  years  ago  obtained  a  similar  mineral  from  New 
Caledonia.  But  the  greater  part  of  the  nickel  ore  as  shipped  to  Sydney  con- 
sists of  a  similar  mineral, — a  hydrated  silicate  of  nickel  and  magnesia. — but 
of  a  much  darker  apple-green  colour  than  Gamierite,  and  to  this  second 
mineral  Liversidge  has  now  given  the  name  of  Noumeite,  which  he  formerly 
applied  to  the  paler  variety.  Both  minerals  are  evidently  produAs  of  decom- 
position, and  Garnierite  may  perhaps  be  only  a  more  highly  altered  form  than 
Noumeite. 

Prof.  Church  has  contributed  to  the  **  Chemical  News "  (April  9)  some 
**  Short  Notices  of  some  Cornish  Minerals."  Specimens  of  a  very  pretty 
pink  variety  of  soap-stone,  resembling  some  of  the  Chinese  figure-stones, 
were  obtained  from  Mr.  Tailing,  of  Lostwiihiel,  and  on  analysis  were  found 
to  consist  of  a  hydrous  silicate  of  magnesia,  in  which  one-fourth  of  the  mag- 
nesia is  replaced  by  water:  3MgO.H30.4Si02. 

Some  grains  of  gold  from  Ladock,  in  Cornwall,  were  found,  by  Prof.  Church, 
to  contain — Gold,  92*34;  silver,  6'o6;  iron,  a  trace  ;  silica  and  loss,  1*60.  A 
fine  specimen  of  filiform  native  silver,  obtained  many  years  ago  from  Hue! 
Herland,  in  Cornwall,  gave — Silver,  99*05 ;  iron,  0*59.  Neither  gold  nor 
copper  was  present,  and  the  iron  might  be  derived  from  traces  of  associated 
irun-pyrites. 

Under  the  name  of  Cossaite  Prof.  Gastaldi  has  described  a  mineral  appa- 
rently identical  with  paragonite,  from  which  it  differs  in  the  absence  of  mica- 
ceous cleavage.  It  was  found  first  in  an  antique  ring  dug  up  near  Turin,  but 
has  also  been  found  in  other  localities. 

Several  analyses  of  mineral  phosphates  extensively  imported  into  Hamburg, 
from  Estremadura,  in  Spain,  have  been  contributed  to  a  recent  number  of  the 
*  Chemical  News,"  by  Dr.  B.  C.  Niederstadt.  The  average  proponion  of 
phosphoric  anhydride  is  about  28  per  cent. 
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An  elaborate  paper  on  the  crystallisation  of  Galena,  by  Dr.  A.  Sadebeck,  of 
Berlin,  has  been  publinhed  in  the  "  Zeitschrift "  of  the  German  Geological 
Society,  where  it  is  illustrated  by  three  plates  showing  peculiar  forms  of  this 
niineral. 

Prof.  Maskelyne,  in  a  letter  to  Vom  Rath,  has  announced  the  isomorphism 
of  Asmanite,  or  orthorhombic  silica,  with  Brookite,  or  oxide  of  titanium. 

Some  fine  specimens  of  the  American  variety  of  Brookite  {Arkan^ite)  have 
recently  reached  this  country  ;  and  we  have  also  seen  some  splendid  examples 
of  plumbago,  exhibiting  in  some  cases  a  fibrous  strudure,  brought  over  from 
Buckingham,  in  Canada,  where  it  is  now  worked  on  a  considerable  scale. 

ENGINEERING— CIVIL    AND   MECHANICAL. 

Snnitation. — There  are  hardly  two  more  important  branches  of  engineering 
than  sewerage  and  water  supply,  and  these  subjects  have  recently  become 
pi  eminent  matters  of  interest  by  the  introdudion  into  Parliament  of  the 
Public  Health  Bill  and  the  Rivers' Pollution  Bill,  two  measures  of  the  first 
importance,  and  largely  called  for  in  the  interests  of  our  town  populations. 
It  is  not  our  intention  to  enter  into  any  detailed  examination  here  of  the 
several  clauses  of  these  Bills,  but  we  may  do  so  upon  another  occasion. 
Everywhere  the  local  authorities  who  have  not  already  purified  their  sewage, 
are  anxiously  inquiring  as  to  the  best  methods  to  be  employed  for  that 
purpose ;  no  scheme,  however,  yet  invented  has  been  found  applicable  under 
all  the  varying  conditions  that  present  themselves  in  different  places,  but 
amongst  the  numerous  schemes  that  have  already  been  put  into  pradlice,  it 
may  fairly  be  premised  that  one  or  other  of  them  might  be  adopted — certainly 
with  beneficial  results,  if  not  with  absolute  success — under  all  known  circum- 
stances. Where  land  is  available,  no  doubt  irrigation  is  an  effeiflive  method 
of  purifying  the  efiluent  water,  but  experience  seems  to  teach  us  that  in  all 
cases  some  system  of  precipitation  should  be  first  adopted.  The  principal 
methods  introduced  for  this  purpose  have  been,  on  several  occasions, 
described  in  the  **  Quarterly  Journal  of  Science,"  so  that  it  is  not  necessary 
to  refer  again  to  them  now.  A  paper  recently  read  by  Mr.  Charles  E.  Jones 
before  the  Chesterfield  and  Derbyshire  Institute  of  Engineers,  ably  dealt  with 
the  subjed  of  "Sewage;  its  Use  and  Abuse,"  and  in  the  discussion  that 
followed  some  particulars  were  given  as  to  the  value  of  excreta  in  Flanders, 
Belgium,  and  Bruges.  In  the  latter  place  Mr.  Chadwick  stated  that  a  system 
of  employing  servants  existed  whereby  they  were  to  receive  a  certain  small 
money  payment  "  and  the  night  soil"  and  he  further  quoted  satistics  to  show 
that  the  system  of  abolishing  privies  in  England,  and  draining  them  into  the 
sewers,  has  been  followed  by  an  enormous  and  alarming  increase  in  the  rate 
of  mortality.  The  gist  of  Mr.  Jones's  paper  was  that  the  rainfall  should  go 
to  the  river,  and  the  sewage  to  the  soil,  a  distribution  beyond  doubt  perfedly 
corred  in  theory,  but  hardly  capable  of  being  carried  out  except  in  com- 
paratively small  towns. 

A  paper  on  **  Northampton  and  its  Sewage  "  has  also  been  recently  read 
before  the  Association  of  Municipal  and  Sanitary  Engineers,  by  Mr.  J.  H. 
Pidcock.  Here  the  sewage  was  originally  emptied  into  the  river,  but  injunc- 
tions having  been  granted  against  polluting  the  river,  notwithstanding  the 
precipitation  processes  adopted  there,  it  has  been  found  necessary  to  purchase 
a  sewage  farm  in  order  further  to  purify  the  effluent  water  before  turning  it 
into  the  Nene,  thus  bearing  out  what  we  have  before  remarked,  that  the  soil 
must  be  depended  upon  to  finish  the  purification  of  the  sewage  after  the 
adoption  of  mechanical  and  chemical  processes  for  extrading  the  solid 
matters  contained  in  it. 

In  connedlion  also  with  the  general  question  of  sanitation,  we  may  also 
notice  a  paper  read  before  the  Institution  of  Civil  Engineers  on  **  The  Systems 
of  Constant  and  Intermittent  Water  Supply,  and  the  Prevention  of  Waste," 
by  Mr.  G.  F.  Deacon.  This  paper  had  special  reference  to  the  restoration  of 
constant  service  in  Liverpool,  and  in  it  was  explained   the  precautions  taken 


1875  •  J  Engineering,  397 

by  night  inspedors  to  deted  where  a  waste  of  water  occurred,  and,  on  the 
discovery  of  any  such  instance,  measures  are  adopted  to  detcd  the  cause  and 
provide  such  remedy  as  might  be  necessary.  The  result  of  the  trials  thus  far 
has  been  to  show  that  with  proper  precautionary  measures  a  constant  service 
may  be  introduced  so  as  to  secure  a  lower  consumption  than  under  the  inter- 
mittent  system. 

Ships. — The  recent  adtion  taken  in  Parliament  by  Mr.  PlimsoII  has  led  to 
greater  attention  being  given  to  the  construction  of  shipping,  and  the  extt  nt 
to  which  this  has  taken  place  is  shown  in  the  nature  of  the  papers  read  before 
the  Institute  of  Naval  Architeds.  Foremost  amongst  these  is  one  by  Mr.  W. 
Froude  on  the  "  Rolling  of  Ships."  This  is  a  most  important  question  as 
affedting  the  stability  of  vessels,  but  the  difficulty  in  its  proper  determination 
consists  in  the  theoretical  nature  of  the  necessary  calculations,  and  the 
difficulty  in  ascertaining  the  adual  resistance  to  oscillation  presented  under 
varying  circumstances.  In  the  absence  of  this  resistance  every  ship  of 
ordinary  form  would  infallibly  be  overset  the  first  time  she  encountered  co- 
periodic  waves.  This  is  a  very  serious  fadk,  and  Mr.  Froude  has  undoubtedly 
done  good  service  in  endeavouring  to  frame  rules  for  the  solution  of  so  difficult 
a  problem. 

The  superiority  of  steel  over  iron  for  shipbuilding  has  been  ably  explained 
by  Mr.  N.  Barnaby,  who  showed  that  the  French  are  in  advance  of  this 
country  in  the  adoption  of  the  superior  metal  for  that  purpose.  The  principal 
care  to  be  taken  in  its  use  is  to  avoid  hammering  the  metal  as  much  as 
possible,  and  to  bend  it  to  the  necessary  curves  by  means  of  pressure,  so  as 
to  afford  as  little  injury  as  possible  during  the  process  of  construdion.  The 
chief  advantage  of  steel  is  that  it  is  homoj^eneous,  and  free  from  all  lami- 
nations  and  blistering,  and  the  recent  improvements  in  its  manufadure 
enable  it  to  be  turned  out  in  sufficient  quantities  for  the  purpose  in  view. 

An  interesting  paper  by  Mr.  A.  Sedgwick  Woolley  on  "  Spar  Torpedo 
Warfare  "  was  another  contribution  to  the  proceedings  of  the  Institution  of 
Naval  Architects.  In  this  paper  the  history  of  torpedo  warfare  is  traced  from 
the  year  I775«  and  one  Captain  David  Bushnell,  of  Connedicut,  is  said  to 
have  been  the  originator  of  the  system,  which,  however,  did  not  arrive  at  any 
really  pradical  use  until  during  the  Civil  War  in  America,  when  it  was 
brought  largely  into  use  by  the  Southern  States  against  the  war  vessels  of 
their  opponents.  The  results  of  experience  gained  up  to  the  present  time 
seems  to  be  that  the  torpedo  should  explode  only  by  adual  contadt  with  the 
vessel  against  which  it  is  direded,  because  unless  it  is  adually  in  contad  with 
the  side  of  a  vessel,  there  is  a  great  chance  of  the  explosion  failing  to  blow  it 
in,  since  it  will  always  take  the  line  of  least  resistance.  The  plan  of  firing  at 
will  has  the  disadvantage  of  being  left  entirely  to  the  discretion  of  the 
operator,  who,  in  the  darkness  of  night,  under  cover  of  which  these  attempts 
have  to  be  made,  may  easily  miscalculate  the  distance  he  is  from  a  ship,  and 
so  fire  his  torpedo  too  soon.  Some  fast  torpedo  launches  have  recently  been 
construded  by  Messrs.  Thorneycroft  and  Co.,  from  the  Swedish,  Norwegian, 
and  Danish  Governments. 

Within  the  last  quarter  there  has  been  launched  the  twin-screw  ironclad 
Alexandra^  for  the  British  Navy,  which  is  justly  described  as  the  finest  and 
most  powerful  broadside  ironclad  in  the  world.  The  following  are  her 
principal  dimensions: — Length  between  perpendiculars,  225  ft.;  extreme 
breadth,  63  ft.  8  in. ;  depth  in  hold,  18  ft.  7I  in. ;  tonnage,  6049  tons ;  indi- 
cated horse-power,  8000;  and  speed,  14  knots.  The  water-line  of  the 
Alexandra  is  proteded  by  a  belt  Z2  inches  in  thickness  amidships,  which  tapers 
off  towards  the  ends.  The  Alexandra  is  a  central  battery  ship,  and  needn  no 
bow  or  stern  batteries  to  give  her  end-on  fire ;  she  has  two  gun-decks  with 
end-on  fire  from  both,  and  the  batteries  are  armoured  with  8  in.  and  6  in. 
armour.  The  upper  ^battery  of  this  vessel  consists  of  two  25-ton  and  two 
18-ton  guns,  whilst  in  the  lower  battery  are  eight  18-ton  guns. 

Another  vessel  of  special  interest,  which  has  recently  been  added  to  our 
commercial  fleet,  is    the    Bessemer  steamer,  designed    primarily    for    cross 
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Channel  traffic,  and  having  a  suspended  saloon  made  unsusceptible  to 
transverse  oscillation  by  the  application  to  it  of  special  hydraulic  machinery'. 
This  vessel  is  350  ft.  in  length,  and  40  ft.  ad^ual  beam  ;  she  also  possesses 
the  peculiarity  of  having  two  distindl  sets  of  engines,  and  two  pairs  of  paddles, 
placed  105  ft.  apart  between  centres ;  whilst,  with  the  view  of  reducing  the 
pitching  motion  as  much  an  possible,  she  has  been  constructed  with  low 
ends.  How  far  the  vessel  may  prove  a  success  is  at  present  uncertain,  and 
probably  some  further  experience  may  be  necessary  before  the  swinging 
saloon  is  brought  to  such  a  state  of  perfedion  as  fully  to  accomplish  the 
desired  end  of  insuring  travellers  against  the  terrors  of  sea-sickness. 

Docks,  6*c. — A  new  public  graving-dock  has  recently  been  opened  at  Cardiff 
in  connexion  with  the  Roath  B;isin.  The  siHe  walls  of  the  dock  are  of 
Forest  and  Radyr  stone,  and  the  bottom  of  the  whole  is  limestone,  surrounded 
by  a  stone  coping.  Slips  are  provided  each  side,  and  the  entrance,  60  ft.  in 
width,  is  fitted  with  an  immense  caisson.  The  dock  is  600  ft.  in  length,  and 
78  ft.  wide ;  the  depth  of  water  provided  will  be,  during  spring  tides,  23  ft., 
and  during  neap  tides  13  ft.,  but  the  depth  of  water  will  rarelv  fall  below  17  ft. 
The  water  can  be  discharged  in  about  four  hours,  through  the  instrumentality 
of  two  powerful  steam  pumps. 

Railways, — A  very  great  advance  towards  removing  that  element  of  human 
fallibility  which  has  so  often  been  the  cause  of  serious  railway  accidents,  has 
recently  been  made  by  the  introdudion  of  an  eledlric  block  signal,  the 
combined  invention  of  Messrs.  Farmer  and  Tyer.  This  apparatus  comprises 
a  combined  mechanical  and  eledtrical  arrangement  by  means  of  which  the 
working  of  the  semaphore  signal  can  he  controlled  from  any  point,  quite 
irreiipedive  of  distance.  Eledricity  is  employed  to  &&.  on  an  eledro-magnet, 
causing  it  to  attract  an  armature ;  when  the  attradion  ceases,  a  detent  in 
connexion  with  the  armature  is  released,  and  the  signal  is  set  free  from  the 
hand-lever  by  a  mechanical  arrangement,  and  by  means  of  the  usual  counter- 
weight the  semaphore  on  the  line  rises  to  and  remains  at  danger  diredlly 
the  connexion  between  it  and  the  hand-lever  is  broken.  By  the  use  of  this 
invention  the  signalman  at  either  end  of  any 'block  sedion  has  the  power 
individually  to  ad^  upon  the  semaphore  to  signal  danger,  but  it  is  only  by 
the  concurrent  adion  of  the  two  that  the  safety  signal  can  be  given. 

A  very  simple  contrivance  has  recently  been  introduced  upon  the  Great 
Western  Railway  of  Canada,  which  promises  to  be  of  service  by  giving  the 
engine-driver  always  a  view  over  the  whole  train,  and  which  promises  to  be  of 
valuable  assistance  in  the  operating  of  goods  trains,  and  would  also  be  a 
useful  adjund  for  passenger  train  service.  The  device  consists  of  the  intro- 
dudion  of  a  mirror  placed  on  the  engine  weather  plate,  immediately  in  front, 
and  over  the  heads  of  the  driver  and  fireman,  at  such  an  angle  as  to  refled  a 
view  of  the  whole  of  the  wagons  or  carriages  attached  to  ihe  engine,  and  thus 
render  the  train  behind  as  distindly  visible  to  the  driver  and  fireman  as  the 
line  itself  in  front. 

At  the  time  we  are  writing  some  important  experiments  are  being  made  on 
the  Midland  Railway  with  diffitrent  systems  of  continuous  brakes,  an  account 
of  which  we  hope  to  be  able  to  g^ve  in  the  next  number  of  the  *'  Quarterly 
Journal  of  Science." 

In  San  Francisco  a  system  of  wire  rope  street  tramways  has  recently  been 
introduced,  which  presents  some  features  of  novelty.  In  consists  of  an 
endless  wire  rope  placed  in  a  tube  below  the  surface  of  the  ground,  between 
the  tracks  of  the  line,  and  kept  in  position  by  means  of  sheaves,  upon  and 
beneath  which  the  rope  is  kept  in  constant  motion  durine  the  hours  the  traffic 
is  running,  by  a  stationary  engine,  the  power  being  transmitted  from  the 
motor  to  the  rope  by  means  of  grip  pulleys,  and  from  the  rope  to  the  cars 
on  the  street  by  means  of  a  gripping  attachment  fastened  to  the  car,  and 
which  passes  through  a  narrow  slot  in  the  upper  side  of  the  tube. 
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Dr.  W.  S.  Carmichael  thuA  describes  his  Breakwater  Steamer : — The  inven- 
tion is  intended  to  modify  the  influence  of  the  waves,  &c.,  by  covering  certain 
generally  exposed  parts  of  vessels,  and  thereby  to  lessen  the  dangers  and  in- 
conveniences of  the  sea.  It  consists  of  one  general  principle,  viz.,  the  defence 
of  certain  generally  exposed  parts  of  vessels  by  a  covering,  ist.  The  defence 
of  the  sides  and  decks  by  sloping  roofs,  thereby  enabling  the  vessel  to  retain 
a  more  horiiontal  position,  and  abating  the  dangers  and  inconveniences  of  the 
sea.  2nd.  The  defence  of  the  screw  or  screws  by  a  covering,  thereby  saving 
it  or  them  from  shot)  &c.,  and  enabling  it  or  them  to  ad  with  more  effed.  It 
consists  of  a  hull  up  to  the  water-level,  w  L,  somewhat  like  that  of  other  ves- 
sels, except  that  the  keel  is  straight  and  horixontaU  the  bow  perpendicular, 
and  it  is  perforated  by  one  or  more  openings  to  be  afterwards  described.  I 
propose  that  the  vessel  shall  be  nearly  flat-bottomed,  the  sides  below  the 
water-level  nearly  perpendicular,  and  also  that  the  heaviest  parts  shall  be  on 
the  outside.  Near  the  water*line,  w  L,  or  several  feet  above  it,  according  to 
the  size  of  the  vessel,  the  sides  all  round  slope  inwards,  become  a  sloping  roof 
(s  r)  over  the  cabins  (m  c,  p  c,  e  c)  and  main  deck  (m  d),  &c.,  at  an  angle  of  45% 
more  or  less^  forming  a  breakwater  on  which  the  waves  in  rough  weather  may 
harmlessly  expend  their  force,  instead  of  dashing  against  nearly  perpendicular 
sides,  or  washing  the  deck.  These  sloping  roofs  at  the  front  of  the  vessel 
meet  and  form  a  sharp  ridge,  by  which  a  wave  at  the  front  is  cut  in  two.  The 
upper  part  of  this  sloping  roof,  s  r,  may  be  made  mostly  of  sliding  panels, 
which  may  be  pushed  aside  in  calm  weather,  so  as  to  render  the  main  deck, 
M  D,  at  such  times  nearly  as  open  as  in  other  vessels.  Of  course  in  the  har- 
bour these  panels  will  always  be  drawn  aside,  so  as  to  leave  room  for  the 
entrance  and  exit  of  passengers,  the  carriage  of  luggage  and  cargo,  &c. 
Seven  feet,  more  or  less,  above  the  main  deck,  m  d,  the  sloping  roofs  end  in  a 
flat  roof,  G  R,  to  allow  the  more  violent  waves  to  pass  harmlessly  from  wind- 
ward to  leeward,  and,  by  being  partly  glazed,  to  give  light  to  the  decks  below. 
The  cabiiis  below  may  also  be  lighted  by  the  usual  bulPs-eyes.  Three  or  four 
feet,  mooe  or  less,  above  the  partly  glazed  roof,  there  is  a  smaller  upper  deck, 
U  D,  about  half  or  a  third  of  the  size  of  the  main  deck,  for  captain,  pilot,  &c., 
and  from  which  the  vessel  may  be  steered.  This  is  supported  on  iron  rods, 
braces,  &c.,  not  represented  in  the  illustrations,  and  also  by  having  a  round 
enclosed  staircase  (St)  at  each  end,  leading  down  to  the  decks  and  cabins 
below.  X  think  this  upper  deck  should  be  surrounded  merely  by  a  light 
railing,  r,  so  as  not  to  catch  the  wind.  The  moving-power  is  generally  one  or 
two  propellers,  P,  within  or  immediately  behind  one  or  two  tubes,  t  t,  2  to 
8  feet  in  diameter,  more  or  less, 'extending  from  stem  to  stem.  If,  on  account 
of  fridion  or  other  cause,  these  long  tubes  be  found  inexpedient,  I  propose 
two  shorter  tubes  near  the  stern,  either  passing  through  part  of  the  vessel,  or 
altogether  on  the  outside,  or,  finally,  one  tube  from  the  stern  with  a  branch 
passing  through  each  side.  By  such  means  I  exped  that  in  calm  weather 
such  a  vessel  will  advance  through  the  water  pretty  much  like  other  vessels — 
perhaps  a  little  faster ;  that  in  rough  weather  the  waves  will  rush  harmlessly 
up  the  sloping  roof  and  through  the  open  space,  o  s,  to  leeward,  and  that  the 
windward  side  of  the  vessel  will  not  be  so  inconveniently  raised,  both  on  ac- 
count of  the  heaviest  parts  being  on  the  outside  and  on  account  of  the  shock 
of  the  waves  being  received  on  a  sloping  roof,  which  will  cause  that  part  to  be 
depressed  rather  than  raised ;  and  my  objed  is  so  to  balance  these  forces,  by 
varying  the  angle  of  the  slope  if  necessary,  as  to  keep  the  vessel  steady.  I 
exped,  also,  that  the  bow,  by  modifying  the  slope  if  necessary,  will  advance 
straight  through  a  wave,  instead  of  rising  over  it,  and  thus  that  the  vessel  will 
remain  much  more  steady  than  is  usual,  and,  as  there  will  be  less  pitching, 
rolling,  &c.,  that  foundering  and  sea-sickness,  and  other  dangers  and  incon- 
veniences will  be  less  likely  to  occur,  and  as  its  course  will  be  shorter,  passing 
through  instead  of  over  the  waves,  that  it  will  also  be  more  rapid.  An  open 
space  for  the  waves  to  pass  through,  and  a  high  deck  beyond  their  reach,  is  an 
old  idea  of  mine  revived  by  the  late  discussions  about  the  means  for  preventing 
sea-sickness.  I  exped,  also,  that  as  the  water  reaches  the  screw  more 
diredtly,  this  will  have  more  power ;  that  the  loss  of  power  from  slipping  will 
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not  be  so  great ;  and  that  the  screw  will  ad  more,  as  if  it  were  rotating  in  an 
unyielding  substance,  or  pumping  the  water  from  stem  to  stem.  The  screw  will 
also  be  less  exposed  to  danger  from  ropes,  chains,  torpedoes,  shot,  &c.  When 
the  wind  is  favourable,  water  sails  may  be  used,  or  other  sails  with  jury  masts. 
I  think  that  flat-bottomed  boats  built  on  this  plan  might  be  useful  for  landing 

fassengers  through  a  surf,  as  at  Madras,  and  a  modification  of  it  for  life-boats, 
n  these  cases  a  screw  driven  by  a  small  steam-engine  or  strong  arms  would 
be  necessary.  Such  a  plan  might  enable  fishermen  to  bring  themselves  and 
cargo  home  in  safety  instead  of  losing  both  by  being  swamped  in  a  sudden 
storm.  Such  a  plan  in  sailing  vessels  might  save  sailors  and  deck  cargo  from 
being  washed  overboard,  as  sometimes  happens,  and  the  vessel  itself  from 
foundering.  In  this  case  a  high  deck  would  be  necessary,  either  on  the  top  of 
the  sloping  roof,  or  made  by  conneding  the  fore,  main,  and  mizen  tops,  or  by 
both  plans.  When  I  explained  my  invention  to  a  friend  of  mine  here,  he  said 
— *'  Would  you  have  your  vessel  lie  on  the  surface  of  the  water  like  a  log  of 
wood  ?  *'  He  expressed  my  intention  almost  exadly.  I  would  have  my 
vessel,  in  rough  weather,  lie  on  the  water,  or  rather  advance  through  it,  like  a 
log  of  wood  sharpened  at  the  front,  the  water  washing  every  exposed  part  of 
it  except  the  high  upper  deck.  Taking  this  view  of  it,  there  seems  to  me 
some  similarity  between  it  and  the  catamaran  of  Madras :  this  is  merely  three 
logs  lashed  together ;  upon  it  one,  two,  or  three  men  kneel,  and  paddle  through 
the  surf  when  no  other  craft  can  venture.  In  this  case  the  catamaran  and  the 
legs  of  the  natives  washed  by  the  waves  may  represent  the  body  of  my  vessel 
and  its  roofs ;  the  heads,  bodies,  and  arms  of  the  natives  may  represent  my 
upper  deck  and  its  occupants.  Another  objedlion  is  that  a  violent  storm  would 
soon  wash  away  all  my  sloping  roof.  This  is  easily  answered :  the  first  6,  8, 
or  zo  feet  above  the  water-line  must  be  made  as  strong  as  the  bulwarks,  or 
rather  the  sides  of  other  vessels.  Beyond  8  or  lo  feet  the  force  of  the  waves 
is  not  against  the  sloping  roof,  except  the  mere  weight  of  the  water,  but  ob- 
liquely upwards  at  the  angle  of  the  slope ;  and  I  would  have  the  movable 
panels  only  about  6,  8,  or  lo  feet  above  the  water-level.  Another  objedion  is 
that  straight  lines  are  wrong,  because  seamen  liked  a  lively  boat.  My  objedl 
is  to  prevent  liveliness.  Anolher  is,  that  there  would  be  a  choking  adlion  in 
the  tubes.  This  seems  to  me  a  question  of  power :  increase  the  power  and 
strength  of  materials,  or  diminish  the  size  of  the  screw.  The  engraving  is 
meant  to  represent  a  transverse  vertical  sedion  through  the  after  staircase,  St, 
and  a  longitudinal  vertical  centric  sedion,  both  about  v^^th  of  real  size,  i  inch 
representing  about  25  feet,  t  t,  tube  or  rubes  for  propeller  or  propellers  ; 
w  L,  water-level ;  m  c,  f  c,  e  c,  main,  fore,  and  engineers*  cabins ;  M  d,  main 
deck ;  s  r,  s  r,  sloping  roofs,  the  bow  and  stern  slooping  roofs  not  lettered ; 
o  R,  fiat  roof,  partly  glazed ;  o  s,  o  s,  open  space  for  waves  to  pass  through 
below  upper  deck ;  u  d,  upper  deck ;  R  R,  railings  round  upper  deck. 

GEOLOGY. 

Physical  Geology, — Professor  Prestwich,  in  discussing  the  origin  of  the 
Chesil  Bank,  has  concluded  that  the  shingle  was  originally  derived  from  the 
cliff»  between  Budleigh  Salterton  and  Lyme  Regis,  and  that  it  was  propelled 
eastward  by  the  adion  of  wind-waves,  due  to  the  prevalent  and  heaviest  seas. 
Referring  to  the  raised  beach  of  Portland,  he  pointed  out  that  therein  were  to 
be  found  all  the  materials  noticed  in  the  Chesil  Bank.  Remnants  of  this  beach 
could  be  traced  in  or  on  the  present  cliffs,  at  intervals  from  Brighton  to  the 
coast  of  Cornwall,  and  it  was  to  the  destrudion  of  this  old  beach  that  the 
pebbles  in  the  Chesil  Bank  were  largely  due. 

The  rocks  of  the  mining  distrids  of  Cornwall  have  been  lately  described  by 
Mr.  J.  A.  Phillips.  He  observes  that  the  clay-slates  of  Cornwall  differ  mate- 
rially in  composition,  but  no  rearrangement  of  their  constituents  could  result 
in  the  produdion  of  granite. 

Speaking  of  the  origin  of  continents,  Prof.  Seelcy  stated  (at  a  recent  meeting 
of  the  Geological  Society)  that  remembering  that  the  lifting  power  of  the  moon 
coresponded  to  about  i -250,000th  part  uf  the  earth's  weight,  and  that  the  sun 
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•upplemented  this  with  a  power  half  as  ^eat,  he  ventured  to  suggest,  since 
the  earth^s  surface  is  thrown  into  folds  which  are  proved,  by  fringing  reefe  and 
atolls,  to  be  alternately  rising  and  falling,  that  these  movements  might  be 
explained,  in  part  at  least,  as  the  eSt&  of  tidal  movement  in  the  earth  itself. 

Stratigraphical  Geology, — The  line  of  demarcation  between  the  Cambrian 
and  Silurian  rocks  has  ever  been  a  source  of  dispute  amongst  geologists, 
according  as  they  held  to  the  views  of  Sedgwick,  or  adopted  the  classification 
of  Murchison.  When  first  the  term  Cambrian  was  suggested  by  Sedgwick,  and 
the  term  Silurian  by  Murchison,  these  two  observers  had  been  working  at 
different  areas  and  independently,  and  subsequent  researches  demonstrated 
that  some  of  Sedgwick's  higher  Cambrian  rocks  were  equivalent  to  Murchison *8 
lower  Silurian  rocks.  The  former  first  demonstrated  that  the  only  great  break 
in  the  entire  series  occurs  at  the  base  of  the  May  Hill  Sandstone,  or  Upper 
Llandovery  group,  the  lowermost  bed  of  Murchison's  Upper  Silurian. 
Murchison's  classification  has,  however,  prevailed;  it  has  been  accepted  by 
the  majority  of  geologists,  until  the  last  year  or  two,  when  a  tendency  has 
sprung  up  to  adopt  the  classification  of  Sedgwick,  because  the  labours  of 
geologists  in  Wales  and  in  the  Lake  Distrid  go  to  prove  its  truth.  It  may  be 
observed  that  no  base-line  has  existed  for  the  Silurian  system,  that  it  has 
been  constantly  shifted  to  agree  with  the  results  of  palaeontological  research, 
until  nearly  the  whole  of  the  old  Cambrian  system  has  been  swallowed  up  in 
it  by  some  writers.  Professor  Hughes  recently  observed,  at  a  meeting  of  the 
Geological  Society,  that  the  bottom  of  the  May  Hill  Sandstone  constitutes  the 
base  of  the  Silurian  system,  and  that  the  beds  below,  called  Cambrian  by 
Sedgwick,  form  a  well-defined  natural  group,  which,  following  the  true 
principle  of  classification  and  justice  to  our  nomenclature,  we  must  adopt. 

The  development  of  the  Kimmeridge  Clay  in  England,  and  its  palaeonto- 
gical  contents,  have  formed  the  subjed^  of  an  important  paper  by  the  Rev. 
J.  F.  Blake.  He  would  divide  the  formation  into  two  sedtions,  attaining 
together  in  places  a  thickness  of  650  feet.  Professor  Seely  described  a  new 
Chelonian  obtained  from  the  Kimmeridge  Clay,  which  he  termed  Pelobatoehelys 
BlakH. 

Mr.  Jukes- Browne  has  brought  forward  reasons  for  concluding  that  the 
Cambridge  nodule-bed  belongs  to  the  base  of  the  true  Chalk  Marl.  This 
opinion  is  borne  out  by  Mr.  Whitaker  from  experience  gained  in  mapping  the 
Geology  of  the  Cambridge  distrid. 

The  Geology  of  the  Burnley  Coalfield  and  of  the  country  around  Clitheroe, 
Blackburn,  Preston,  Chorley,  Haslingden,  and  Todmorden,  has  been  described 
in  great  detail  in  a  memoir  published  by  the  Geological  Survey,  the  work  of 
Professor  Hull  and  Messrs.  Dakyns,  Tiddeman,  Ward,  Gunn,  and  De  Ranee. 
The  work  contains  a  valuable  list  of  the  fossils  by  Mr.  Etheridge,  and  a  Cata- 
logue of  all  the  works,  numbering  561,  that  have  been  published  to  illustrate 
the  Geology  of  Lancashire. 

Paleontology. — Fossils  indicative  of  a  transitional  zone  between  the  Permian 
and  Carboniferous  strata  were  obtained  at  Spitzbergen  by  the  late  German 
Expedition. 

Mr.  James  Thomson  has  described  some  forms  of  corals  from  the  carboni. 
ferouR  limestone  of  Scotland  which  he  regards  as  new  species  and  as  belonging 
to  three  new  genera  allied  to  Clisiophyllum^  which  he  names  Rhodophyllum, 
Aspidiophyllumy  and  Kurnatiophyllum,  The  specimens  are  particularly  inte- 
resting from  the  evidences  of  variation  which  they  present. 

Dr.  Dawson  has  noticed  the  occurrence  of  EoMoon  canadense  in  Lower  Lau- 
rentian  rocks  at  Cote  St.  Pierre,  on  the  Ottawa  River.  He  referred  particularly 
to  the  resemblance  of  weathered  masses  of  EoMoon  to  Stromatoporoid  corals. 

An  interesting  sedion  of  the  Rhaetic  beds  is  being  opened  up  on  a  line  of 
lailway  in  process  of  construdion  between  Melton  Mowbray  and  Nottingham. 

Prof.  Huxley,  in  describing  some  new  remains  of  StagonoUpis,  observes  that 
in  outward  form  it  resembled  the  existing  Caimans  of  intertropical  America, 
except  that  it  possessed  a  long,  narrow  skull  like  that  of  a  Gavial. 

Geologists'  Association, — At  the  Annual  Meeting  of  this  Association,  held  on 
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February  5th,  1875,  Mr.  W.  Carnithers,  F.R.S.,  was  eleded  President;  Mr. 
Etheridge,  Professor  Rupert  Jones,  Mr.  J.  L.  Lobley,  and  Mr.  Henry 
Woodward  being  eledled  Vice-Presidents. 

Sub-Wealden  Exploration. — It  is  to  be  regretted  that  the  bore-hole,  which 
had  been  carried  to  a  depth  of  over  1000  feet,  has  been  abandoned,  owing  to 
obstrudkions  caused  by  accident  to  the  machinery  and  loss  of  the  tools.  Six 
ineffectual  efforts  were  made  to  recover  them.  The  Diamond  Boring  Company 
have  made  a  favourable  offer  to  commence  again,  and  Mr.  Willett,  the 
energetic  honorary  secretary  of  the  Committee  directing  the  Exploration,  has 
guaranteed  ;£'6oo,  and  appeals  for  funds  to  carry  on  the  enterprise.  So  far  as 
the  old  boring  is  concerned,  the  results  obtained  are  of  great  interest,  and  in  a 
scientific  point  of  view  they  are  by  no  means  unsuccessful ;  but  the  immediate 
obje^  being  to  prove  the  depth  of  the  Palaeozoic  rocks  in  the  Wealden  area,  it 
is  to  be  hoped  that  the  second  boring  may  obtain  the  desired  information, 
which,  while  of  so  much  interest  to  geologists,  is  most  likely  to  throw  some 
light  on  the  vexed  question  of  the  probability  of  produdive  coal-measures 
beneath  the  secondary  rocks  of  the  eastern  and  south-eastern  counties.  A 
new  boring  has  adually  been  commenced  near  to  the  old  one,  and  a  depth  of 
40  feet  has  been  reached. 

Geological  Sodety  of  London, — At  the  Annual  General  Meeting  of  this 
Society,  held  on  February  ig,  Mr.  John  Evans,  F.R.S.,  President,  in  the  Chair, 
the  Wollaston  Gold  Medal  was  presented  to  Professor  de  Koninck,  in 
recognition  of  his  extensive  palaeontological  researches,  especially  among 
the  Carboniferous  rocks.  The  balance  of  the  proceeds  of  the  Wollaston 
Donation  Fund  was  awarded  to  Mr.  L.  C.  Miall,  to  assist  him  in  his 
researches  on  Fossil  Reptilia.  The  Murchison  Medal  was  presented  to  Mr. 
W.  Jory  Henwood,  F.R.S.,  &c.,  as  a  mark  of  the  Society's  appreciation  of  his 
observations  on  metalliferous  deposits;  and  the  Murchison  Geological  Fund 
was  presented  to  Professor  H.  G.  Seeley,  in  recognition  of  his  various  palaeon- 
tological researches.  In  his  address,  Mr.  Evans  discussed  the  geological 
evidence  of  the  antiquity  of  the  human  race. 


PHYSICS. 

Light. — Writing  to  the  "  Chemical  News,"  Mr.  W.  H.  Olley  draws 
attention  to  an  adaptation  which  he  made,  about  two  years  since,  of  polarised 
light  to  the  well-known  and  beautiful  optical  instrument,  the  kaleidoscope. 
This  instrument,  it  need  hardly  be  observed,  consists  of  a  tube,  within  which 
are  fixed,  at  an  angle  representing  an  aliquot  part  of  a  circle,  two  or  three 
plane  mirrors,  blackened  on  the  outside,  so  as  to  give  by  repeated  refledlion 
symmetrical  and  constantly  varying  images  of  pieces  of  coloured  glass  or 
other  transparent  objeds,  placed  in  a  cell  at  one  end  of  the  tube,  the.  images 
being  viewed  through  a  small  aperture  at  the  opposite  end.  It  occurred  to 
Mr.  Olley  that  if  pieces  of  selenite  were  substituted  for  the  fragments  of 
coloured  glass,  and  polarised  light  were  made  to  pass  through  the  instrument, 
there  would  be  seen,  with  the  aid  of  an  analyser,  the  beautiful  colours  g^ven 
by  that  familiar  double-refrading  substance,  refleded  like  those  of  ordinary 
light.  Accordingly  he  selected  films  of  selenite,  presenting,  when  analysed, 
various  colours  corresponding  with  their  respedlive  thickness,  and  mounted 
them  on  pieces  of  thin  crown  glass  of  different  shapes  and  sizes,  placed  them 
in  the  cell  of  a  kaleidoscope,  and  adapted  a  tube  to  the  other  end  so  as  to 
receive  a  second  tube  fitted  with  a  small  Nicgl  prism,  or  a  tourmaline.  He 
then  found  that  when  light  polarised  by  a  plate  of  glass,  or  even  by  a  cloud- 
less sky,  was  transmitted  through  the  cell,  the  refiedled  images  of  the  selenite 
mountings  were  symmetrically  and  beautifully  displayed.  To  enlarge  these 
polarised  images,  and  to  increase  the  strength  of  their  colours  by  concen- 
trating the  rays,  he  adapted  in  some  of  the  instruments  a  lens  of  appropriate 
focus  to  the  eye-end  of  the  tube  just  below  the  Nicol,  or  analyser,  but  this 
addition  is  not  necessary. 
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Microscopy. — Count  F.  Castracane  ^"Der  Naturforscher")  has  demon^ 
strated  the  existence  of  Diatomaceae  during  the  coal  period.  His  first  objed 
of  investigation  was  a  piece  of  Lancashire  coal,  which  was  pulverised,  and 
then  exposed  to  a  white  heat.  The  decarbonised  dust  was  then  treated  with 
nitric  acid  and  chlorate  of  potash  in  test-tubes,  and  washed  clean  with 
distilled  water,  and  then  placed  under  the  microscope.  The  Diatomaceae 
found  in  this  coal  belong,  with  the  exception  of  a  Grammatopkora,  of  a  small 
CoscinodiscuSf  and  of  an  Amphipleura^  entirely  to  fresh-water  genera  and 
species,  such  as  the  following : — Fragillaria  Harrisonii,  Smr,  Epithemia  gibba, 
Ehbg. ;  Nitzschia  curvula^  Kz. ;  Cymbella  scolica,  Sm. ;  Syneara  vitrea^  Kz. ; 
Diatoma  vulgare,  Bong.  The  presence  of  the  marine  forms  which  were 
present  among  the  very  numerous  fresh-water  diatoms,  only  in  one  single 
specimen,  appears  to  prove  that,  at  one  time,  even  sea-water  found  its  way 
among  the  vegetation  from  which  the  coal  originated.  Besides  this  Lanca- 
shire coal,  Count  Castracane  investigated  coal  of  the  carboniferous  era  from 
other  localities,  €,g.  a  piece  of  the  so-called  Cannel  coal  from  Scotland,  from 
Newcastle,  and  from  the  mines  of  St.  Etienne.  In  every  one  of  the  pieces 
the  presence  of  Diatomaceae  in  greater  or  less  numbers  was  proved.  The 
species  varied  in  the  three  different  specimens  of  coal,  but,  as  in  the  case  of 
the  Lancashire  coal,  not  even  a  single  new  form  was  discovered,  but  all 
closely  agreed  with  the  existing  fresh-water  Diatomaceae,  from  which  they 
could  not  be  distinguished  by  the  most  prad^ised  eye ;  all  the  signs  by  which 
the  species  of  Diatomaceae  are  generally  distinguished  are,  in  the  Diatomaceae 
of  the  coal  period,  identical  with  those  of  existing  species ;  so  that  these 
organisms,  in  the  indeterminably  long  period  from  the  coal  epoch  to  the 
present  time,  have  undergone  no  perceptible  modification. 

Mr.  Wenham  communicates  to  the  Royal  Microscopical  Society  (March  3, 
1875)  an  easy  method  of  obtaining  oblique  vision  of  surface  strudure  under 
the  highest  powers  of  the  microscope.  As  the  closeness  of  the  high  powers 
to  the  covering-glass  will  not  permit  the  slides  to  be  tilted  to  an  extent  to 
cause  any  appreciable  difference  in  the  appearance  of  an  obje(5t,  the  following 
arrangement  is  to  be  adopted : — a  is  a  slip  of  gUss  about  -j^ths  of  an  inch 


wide,  ground  and  polished  off  to  an  angle.  Objeds  to  be  mounted,  such  as 
diatoms  or  lepidopterous  scales,  are  scraped  up  with  the  knife  edge,  so  as  to 
be  distributed  thereon  along  the  sloping  plane.  Those  situated  near  the  edge 
may  be  viewed  with  the  highest  powers,  as  the  glass  is  of  course  thinner  here 
than  any  cover.  The  thickness  of  the  remainder  of  the  prismatic  slip  is  of  no 
consequence,  and  it  may  be  of  the  same  gauge  as  an  ordinary  thin  slide.  The 
slip  is  tacked  on  to  a  3  x  i  slide  with  a  dot  of  balsam  or  cement.  Another 
similar  slip  b  is  then  pressed  endwise  against  it,  so  as  to  lay  the  objeds  flat 
between  the  two  inclines.  The  lower  prism  is  necessary,  for  without  it  a 
deal  of  offensive  colour  enters  the  objed-glass  from  the  decomposition  of  the 
transmitted  light.  This  is  recomposed  or  neutralised  by  the  under  prism, 
which  also  greatly  increases  the  obliquity  of  the  illuminating  ray  by  refradling 
this  to  the  same  angle  as  that  of  vision,  from  the  defledlion  of  the  axial  ray 
of  the  objed-glass.  The  degree  of  inclination  of  the  facets  of  the  prisms 
should  be  less  than  40^  for  on  holding  before  a  flame  a  slide  having  this 
angle,  and  tilting  it  slightly,  the  width  of  the  junction  of  the  prisms  appears 
as  a  dark  band  impervious  to  light — the  effeft  of  total  reflexion.  About  35" 
is  therefore  more  suitable  for  objedls  mounted  dry.  If  balsam  is  run  in 
between  the  inclines,  of  course  total  refledlion  is  eliminated  and  refradlion 
nearly  so,  and  we  then  see  the  objedt  at  an  angle  the  same  as  the  incline ; 
therefore  for  objedts  in  balsam  45**  would  be  preferable.     In  using  slides  with 


1875-]  Physics.  405 

these  pritniBtic  or  inclined  mounts,  it  mutt  be  borne  in  mind  that  nearly 
eveiy  objefi  lies  under  a  different  thickneis  of  glass,  according  to  the  distance 
from  the  keen  edge;  therefore  having  Be1ei3ed  a  luitable  one,  the  objcdivc  it 
to  tie  carefully  adjusted  to  give  proper  deSnition,  and  a  thickness  of  glass 
over  the  scale  may  probably  be  found  that  will  best  suit  its  corre£tion.  For 
dry  mountings,  the  objei3-glasa  must  be  used  dry,  as  water  would  run  in  and 
spoil  the  obje^  ir  this  is  in  balsam,  of  course  the  immersion  system  can  be 
employed.  The  prismatic  mounting  slips  may  easily  be  made  by  any 
ordinary  glass  grinder.  Thin  well-polished  sheet  glass  (such  as  is  used  for 
microscope  slides)  is  cut  into  pieces,  three  quarters  of  an  inch  long  by  fonr- 
tentht  wide.  Eight  or  ten  of  these  are  cemented  together  with  hard  Canada 
balsam,  and  their  step-like  pcajeQiae  edges  adjusted  against  a  bevel  set  at  the 
desired  angle,  say  35°.  They  must  be  presaeil  into  veiy  close  contain,  as  it  is 
important  to  have  the  edges  worked  fine  and  clean,  and  any  thickness  of 
balsam  stratum  between  them  will  prevent  this,  for  during  the  work  close 
edges  mutuaJIy  proteS  each  other.  Having  prepared  a  sufficient  number  of 
blocks  in  this  way,  they  are  cemented  on  to  a  runner  or  metal  plate  with  the 
usual  cement  of  pitch  and  wood  ashes.  They  are  then  ground  and  smoothed 
on  a  flat  metal  lap,  till  all  the  steps  are  gone  and  keen  edges  shown,  and  are 
then  finally  polished. 

A  lamp  for  the  convenience  of  microtcopists  who  are  in  the  habit  of  using 
their  instrument  away  from  home  hai  recently  been  contrived  by  Mr.  SwifL 
It  poBseseea  the  great  merit  of  extreme  portability  in  combination  with  the 
j'aie  merit  of  perfea  efficiency.     The  dimeniiona  of  the  cylindrical  case  are 


Ai  la  Die.  Packed  Kudy  Icr  Case. 

&i  in.  by  il  in.  The  arrangements  for  packing  the  lamp  are  very  simple,  bo 
that  no  time  is  lost  in  setting  it  up  and  putting  it  away.  The  burner  is  flat, 
of  small  dimensions,  but  tbe  flame  is  quite  large  enough,  and  the  light  of  good 
quality.    Tbe  chimney  is  of  metal,  tbe  lower  pact  being  cut  away  so  as  to 
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allow  a  sufficient  aperture  for  illuminating  the  microscope.  The  white  lining 
18  covered  with  glass,  so  that  the  smoke  of  the  lamp  cannot  blacken  it.  Small 
as  the  reservoir  appears  to  be,  it  contains  oil  enough  to  last  four  hours.  The 
means  taken  to  prevent  leakage  are  very  ingenious  ;  a  carefully-fitted  screw- 
cap  prevents  leakage  at  the  burner,  but  the  greatest  ingenuity  is  displayed  in 
fitting  the  pinion,  which  raises  the  wick  to  prevent  escape  of  oil.  So  effedual 
are  the  precautions  taken  to  keep  in  the  oil,  that  the  writer  received  the  lamp 
by  carrier,  and  has  since  carried  it  inverted  in  his  pocket,  without  the  slightest 
inconvenience  from  leakage.  The  flame  can  be  adjusted  at  any  level  from 
about  4  to  12  in.  The  general  form  of  the  lamp  can  be  easily  understood 
from  the  accompanying  woodcuts. 

Heat. — Under  the  supervision  of  Dr.  R.  Carter  MofTat,  a  large  party  of 
gentlemen  conneded  with  shipping  and  the  Board  of  Trade  recently  assembled 
at  Greenhithe,  near  Gravesend,  to  witness  the  power  of  Paton  and  Harris's 
Pyroletor  to  extinguish  fire  in  closed  places.  The  pyroleter  consists  of  a 
small  double  pump  worked  by  hand,  which  sucks  up  from  tubes  on  either  side 
of  it  .strong  muriatic  acid  and  a  solution  of  bicarbonate  of  soda,  which 
commingle  in  a  generator  forming  part  of  the  pump,  and  the  carbonic  acid 
gas  and  solution  of  salt  pass  at  once  down  a  metal  pipe  to  the  hold,  along 
whose  keelson  runs  a  perforated  wooden  box  which  admits  of  the  gas  passing 
through  to  the  burning  material.  The  agent,  therefore,  for  the  extindion  of 
fire  is  dry  carbonic  acid  gas,  which  has  no  adion  on  cargo.  A  steamer 
conveyed  the  party  from  Blackwall  to  Greenhithe,  where  a  large  wooden 
barge  had  been  prepared  for  the  experiments.  Its  entire  hold  was  covered  to 
a  depth  of  several  feet  with  wood  shavings,  cotton -waste  saturated  with 
turpentine,  and  naphtha.  A  temporarily-raised  and  by  no  means  air-tight 
wooden  deck,  with  loosely-fitting  boards,  formed  the  wide  hatchway  covering. 
After  the  apparatus  had  been  explained  by  Dr.  Moffat,  the  pipes  to  the 
chemicals  were  attached,  and  the  signal  given  to  set  fire  to  the  inflammable 
materials  in  the  hold.  Immediately  the  flames  ran  along  the  entire  cargo 
and  issued  above  the  temporary  deck,  which  was  then  covered  with  board- 
ing. The  pyroletor  having  been  brought  into  adion,  and  although  nearly  half 
a  gale  of  wind  was  blowing,  the  fire  was  completely  extinguished  in  four 
minutes.  The  experiments  were  so  completely  successful,  and  the  efficiency 
of  the  apparatus  so  apparent,  that  the  party  at  once  agreed  to  sign  a 
memorial  to  ask  Government  to  compel  all  long-passage  ships  conveying 
passengers  and  cargo  to  carry  one  of  these  instruments.  It  is  computed  that 
a  i2oo-ton  ship  requires  about  half  a  ton  of  each  of  the  chemicals,  which, 
with  their  packages,  cost  about  ;£'20. 

Electsicitt. — From  a  report  by  Count  du  Moncel  on  the  thermo-eledkric 
battery  of  M.  Clamond  we  gather  that,  in  this  battery  the  ele&ro-positive 
element  is  of  iron,  and  the  negative  element  an  alloy  of  antimony  and  zinc  : 
and,  as  in  the  arrangement  of  Mr.  Farmer,  the  elements  are  conneded  circu- 
larly for  intensity,  forming  a  kind  of  crowns,  isolated  from  each  other  by  plates 
of  amianthus,  and  having  their  polar  extremities  placed  in  conned^ion  with  a 
commutator,  fixed  tangentially  to  the  cylindrical  surface  of  the  apparatus, 
and  contrived  so  as  to  cause  these  crowns  to  be  grouped  either  for  inten- 
sity or  for  quantity,  as  may  be  requisite.  The  apparatus  has  been  employed 
for  six  months  at  the  galvano-plastic  works  of  M.  Goupil  at  Asnieres.  The 
gas  consumed  amounts  to  2i  frs.  per  kilo,  of  copper  deposited. 

M.  J.  Morin  has  invented  a  new  eledro-medical  galvanoscope.  According 
to  the  description  in  the  Comptes  Rendus  it  consists  of  an  ordinary  two-branch 
eledro-magnet,  placed  vertically,  the  breach  being  in  the  air.  A  magnetic 
needle  is  suspended  by  one  of  its  poles  over  the  breach,  through  which  it  pene* 
trates  by  Qieans  of  a  large  hole.  The  lower  free  pole  of  the  needle  descends 
as  far  as  the  level  of  the  lower  part  of  the  eled^ro^magnet's  helices,  between 
which  it  is  able  to  oscillate.  The  needle  is  long  enough  to  penetrate  the 
breach  to  the  height  of  its  neutral  point,  thus  nullifying  at  that  spot  all  recip- 
rocal adion.    On  making  a  current  circulate  in  the  helices  the  two  poles  ad 
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ia  the  «Bme  dire^ion  upon  the  free  pole  of  the  magnetic  needle,  causing  it  to 
be  displaced  towards  one  of  the  helices  according  to  the  diredUon  of  the  current. 

Technology. — A  Board  has  been  appointed  by  the  Government  of  the 
United  States  to  determine  by  aAual  tests  the  strength  and  value  of  iron,  steel, 
and  other  metals  which  may  be  submitted  to  it,  or  by  it  procured,  and  to  pre- 
pare tables  which  will  exhibit  the  strength  and  value  of  said  materials  for  con- 
strudive  purposes.  It  has  standing  committees  on  abrasion  and  wear,  on 
armour  plate,  on  chemical  research,  on  chains  and  wire  ropes,  on  corrosion  of 
metals,  on  the  effeds  of  temperature,  on  girders  and  columns,  on  metallic 
alloys,  on  physical  phenomena,  on  steels  produced  by  modem  processes,  &c. 

Th.  Schlosing,  in  a  course  of  studies  on  arable  soils,  has  examined  the  in- 
fluence of  the  salts  present  in  a  soil  upon  its  openness  of  texture.  Mould 
stirred  up  in  water  subsides  the  more  rapidly  the  more  salts  are  present, 
especially  those  of  lime  and  magnesia.  This  phenomenon,  which  amounts  to 
a  coagulation  of  the  clay,  is  thoroughly  examined.  The  best  precipitants  for 
clay  are  caustic  lime  and  the  lime  salts. 

A  good  cement  for  marble  and  alabaster  may  be  obtained  by  mixing  Z2  parts 
of  Portland  cement,  6  parts  of  slaked  lime,  6  parts  of  fine  sand,  and  i  part  of 
infusorial  earth,  and  making  up  into  a  thick  paste  with  silicate  of  soda.  The 
objed^  to  be  cemented  does  not  require  to  be  heated.  It  sets  in  twenty-four 
hours,  and  the  fradure  cannot  be  readily  found. 

M.  C.  H.  Viedt  has  experimented  on  aniline  inks.  For  a  red  ink  he  recom- 
mends a  solution  of  z  part  of  **  diamond  fuchsin  "  (we  should  say  of  Brooke, 
Simpson,  and  Spiller's  rosein)  in  150  to  200  parts  of  boiling  water.  For  a  blue, 
he  dissolves  t  pari  of  bleu  de  Paris  in  200  to  250  of  water.  For  a  violet, 
I  part  of  a  Hofmann*s  violet  (blue  shade)  in  300  of  water.  A  beautiful  green 
ink  is  made  by  dissolving  i  part  of  iodine  green  in  100  to  no  parts  of  boiling 
water.  The  yellow  aniline  inks  are  not  recommended.  These  inks  are  not 
fit  for  copying,  but  they  have  the  advantages  of  drying  quickly,  and  of  never 
clogging. 

Prof.  J.  Nessler  points  out  that  genuine  wines  contain  chiefly  malic  acid. 
Free  tartaric  acid  is  very  rarely  found,  except  in  spurious  concodions.  As  a 
test  the  author  uses  a  solution  of  5  grms.  acetate  of  potash,  5  grms.  alcohol, 
and  25  grms.  water.  If  an  appreciable  amount  of  tartaric  acid  is  present,  this 
test  produces  a  crystalline  deposit  of  tartar  in  a  quarter  of  an  hour ;  whilst,  in 
genuine  wines,  even  if  they  contain  a  trace  of  tartaric  acid,  no  precipitate 
appears  until  some  hours  have  elapsed.  Genuine  wine  contains  no  citric 
acid.  For  its  detedion  in  small  quantities,  the  wine  is  rendered  alkaline  and 
filtered,  acidulated  with  acetic  acid,  mixed  with  chloride  of  barium,  filtered, 
and  a  few  drops  of  ammonia  added  to  the  filtrate  until  it  has  an  alkaline 
readion.  If,  on  the  addition  of  baryta  water,  a  white  precipitate  appears,  citric 
acid  is  present.  Oxalic  acid  gives  a  white  precipitate  if  lime-water  is  added 
in  such  small  quantities  that  the  liquid  has  still  an  alkaline  readion.  Sulphuric 
acid  in  genuine  wines  is  found  only  to  the  extent  of  0*03  to  0*05  per  cent. 

When  soluble  gases  are  highly  diluted  with  those  which  are  insoluble, 
their  complete  absorption  is  a  matter  of  difiiculty  when  attempted  by  drawing 
the  mixture  through  simple  columns  of  the  absorbent  liquid,  owing  to  the 
protecting  effed  of  the  particles  of  insoluble  gas.  In  such  cases,  and  with  the 
ordinary  wash-bottle  arrangement,  complete  absorption  can  only  be  effeded 
by  greatly  multiplying  Che  pieces  of  apparatus.  Mr.  N.  Glendinning  has 
arranged  a  new  form  of  apparatus,  of  which  the  annexed  is  a  drawing.  It 
consists  of  a  bottle  capable  of  holding  20  fluid  ounces,  which  is  provided  with 
two  tubes  passing  through  a  perforated  india-rubber  bung.  The  tube  which 
has  to  convey  the  gases  to  the  apparatus  has  a  bore  of  about  -jV^^b  of  an 
inch,  and  reaches  to  within  half  an  inch  of  the  bottom  of  the  bottle.  The 
other  tube  is  about  12  in.  long  and  i  in.  in  diameter.  One  end  of  this  tube 
is  closed,  but  is  provided  at  about  half  an  inch  from  this  end  with  twelve  or 
fifteen  small  holes  distributed  around  it,  forming  a  ring,  the  holes  being  equi- 
<distant  from  the  end  of  the  tube.    The  other  end  of  this  tube  is  fitted  with  a 
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cork,  through  which  paitet  a  amall  tube.  To  prepare  the  apparatus  for  nte, 
^bout  8  ounce!  of  the  absorbent  liquid  are  put  iulo  ihc  bottle,  [he  tatter  lube 
partly  filled  with  class  splinlen,  and  dcpreiaed  so  that  the  apenuiei  dip 
about  half  an  inch  into  the  liquid.  The  conveying  lube  is  now  introduced 
into  the  pipe  or  chamber  from  which  the  Fample  has  to  be  taken,  and  the 
aspirator  attached  to  the  other.      The  liquid  uill   now  rise  in  the  larger  lube 


until  that  in  the  bottle  bii  been  drained  to  the  level  of  the  apertures,  and  the 
gases  which  have  already  been  partly  washed  in  their  pawage  through  the 
stratum  of  absorbent  liquid  will  now  pass  through  the  small  apertures,  and 
through  the  column  of  liquid  in  the  tube,  where  their  absorption  is  favoured 
by  the  brealdng-up  ai3Ion  of  the  glass  splinters,  and  the  agitation  consequent 
on  the  passage  of  gas  bubbles.  When  a  sufficient  quantity  of  the  gases  has 
been  drawn  through  the  apparatus,  it  is  detached  and  shaken,  so  that  the 
soluble  gases  existing  in  the  atmosphere  of  the  bottle  may  be  absorbed.  The 
cork  is  now  removed,  the  glass  splinters  thoroughly  rinGcd  into  the  bottle, 
and  the  liquid  made  up  to  any  required  bulk. 

A  paper  on  "  Toughened  Glass"  was  recently  read  before  the  Society  of 
Arts  by  Mr.  Perry  F.  Nuney,  C.E.  The  subjeft  being  of  importance,  we  do 
not  hesitate  to  give  a  somewhat  lengthy  notice  of  the  paper.  After  a 
reference  to  the  origin  and  progress  of  the  manufafiure  of  glass,  Mr.  Nurscy 
•ays: — Many  years  since  M.  de  la  Baalie  was  impressed  with  the  desirability 
of  rendering  glass  less  brittle,  and  bo  eitending  the  sphere  of  its  usefulness. 
Aware  that  the  fragility  of  glais  results  from  the  weakness  of  the  cohesion  of 
its  molecules,  he  argued  that,  by  mechanically  forcing  the  molecule*  closely 
t<^e(her,  and  rendering  the  mass  more  compad,  the  strength  and  solidity 
of  the  material  should  be  increased.  This  is  Exafily  the  tine  of  argument 
an  engineer  would  follow— it  Is  one  which  led  Sir  Joseph  Whitwonh  to 
produce  such  splendid  resnlts  in  the  well-known  Whilwofth  metal,  and  it  is 
one  also  which  has  led  to  success  in  casting  in  other  departments  of 
engineering.  It  it,  however,  not  one  which  landed  M.  de  la  BaMie  on  the 
right  side  of  all  hin  hopcE  and  fears,  inatmuch  as  he  foupd,  after  long  trial 
and  experiment,  that  mechanical  compression  failed  to  influence  glass  in  the 
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slightest  degree,  even  when  applied  while  the  material  was  in  a  fluid  or  soft 
condition.  He  therefore  changed  his  tallies,  and  commenced  to  apply  to 
glass  a  system  of  tempering,  such  as  is  usually  applied  to  steel,  namely,  sub- 
mitting it  to  a  bath  of  heated  oil.  |He  knew  well  that  by  immersing  heated 
glass  in  cold  water  he  would  only  put  the  material  in  a  state  of  unstable 
equilibrium,  so  that  the  least  shock  would  cause  it  to  break  up,  as  in  the  case 
of  the  Rupert  drops.  He  then  sought  to  invert  this  result,  to  diminish,  or 
even  to  remove,  the  extreme  fragility  of  glass  by  tempering  it  by  immersion 
in  a  fluid  other  than  water.  In  attaining  this  objed  two  essential  obje^s 
had  to  be  determined.  First,  the  point  at  which  glass  can  be  tempered 
without  being  put  out  of  shape,  and  secondly,  the  medium  to  be  employed  for 
the  immersion  of  the  glass.  The  first  condition  M.  de  la  Bastie  found  to  be 
that  degree  of  heating  at  which  softness  or  malleability  commences,  when 
the  molecules  are  capable  of  closing  suddenly  Ipgether,  condensing  the 
material  when  it  is  plunged  in  a  liquid  at  a  somewhat  lower  temperature. 
The  second  condition  he  found  was  satisfied  by  having  a  fluid  capable  of 
being  raised  to  a  much  higher  temperature  than  that  of  boiling  water, 
without  entering  into  a  state  of  ebullition.  For  this  purpose,  and  after  a  long 
series  of  experiments,  M.  de  la  Bastie  devised  an  oleaginous  compound, 
formed  of  oils,  wax,  tallow,  resin,  and  other  similar  ingredients  in  certain 
proportions.  Although  the  invention  is  apparently  a  most  simple  one,  there 
are  many  delicate  conditions  involved,  the  disregard  of  any  one  of  which  con- 
stitutes the  precise  difference  between  success  and  failure.  It  thus  happened 
that,  seven  years  since,  just  as  M.  de  la  Bastie  had  perfe&ed  his  invention, 
and  had  produced  highly  satisfadory  results,  he  lost  the  clue  to  his  success, 
and  for  two  years  was  baffled  in  every  attempt  to  re-discover  it.  He  at 
length  succeeded  in  regaining  his  secret,  and  has  since  been  engaged  in 
perfeding  his  invention,  and  putting  it  into  a  pradical  shape.  He  had  to 
carefully  adjust  all  the  numerous  details,  for  although  the  invention  consists 
in  simply  heating  the  glass,  and  dipping  it  while  hot  into  a  heated  oleaginous 
bath,  there  are  many  conditions  involved.  Thus  glass  articles  may  be  under- 
heated,  and  will  not  be  susceptible  to  the  effe(^  of  the  bath,  or  they  may  be 
overheated,  and  will  lose  their  shape ;  or,  again,  they  may  be  heated  to  the 
right  temperature,  and  yet  be  spoiled  during  the  process  of  transference  into 
the  bath.  Then,  again,  the  exadt  proportions  of  the  oleaginous  constituents 
of  the  bath,  and  their  precise  temperature,  have  an  important  influence  upon 
the  ultimate  result.  All  these  points,  however,  with  many  others,  have  been 
definitely  settled  by  M.  de  la  Bastie,  who  has  for  some  time  past  worked  his 
process  experimentally,  and  is  now  ereding  a  fadory  in  France,  in  which  to 
carry  it  on  pradically  and  commercially.  It  may  be  as  well  that  I  should 
here  mention  that  it  is  recorded  by  Pliny,  that  in  the  reign  of  Tiberius  a  com- 
bination was  said  to  have  been  devised  by  which  a  flexible  glass  was  produced^ 
and  that  the  machinery  by  which  it  was  made  was  destroyed  in  order  to 
prevent  a  depreciation  in  the  value  of  the  precious  metals.  We  have,  how- 
ever, no  evidence  that  this  was  the  toughening  process  invented  by  M.  de  la 
Bastie,  and  the  statement  to  which  publicity  has  recently  been  given,  in  no 
whit  detra&s  from  the  merits  of  that  gentleman  as  the  inventor  of  an 
important  economic  process.  Nothing  more  than  the  bare  fa^  above  alluded 
to  is  on  record,  except  it  be,  perhaps,  that  the  hapless  inventor  was  destroyed 
as  well  as  his  apparatus.  But  there  was  no  Society  for  the  Encouragement 
of  Arts,  Manufadures,  and  Commerce  in  those  days.  In  carrying  out  his 
process,  M.  de  la  Bastie  finds  it  necessary  to  raise  the  glass  to  be  tempered  to 
a  very  high  temperature.  The  hotter  it  is  the  less  the  risk  of  breaking  the 
glass,  and  the  greater  the  6hrmka«;e  or  condensation.  Hence  the  advantage, 
and  often  the  necessity,  of  heatmg  the  glass  to  the  point  of  softening,  which 
is  attended  by  the  difficulty  that  glass  in  the  &oft  condition  geis  readily  out  of 
shape,  so  that  it  must  be  plunged  into  the  bath  almost  without  touching  it. 
In  plunging  the  hot  glass  into  a  heated  combustible  liquid  the  latter  is  apt  to 
take  fire,  and  cannot  easily  be  exiinguished,  so  that  time  and  material  are 
lost.  These  difficulties  M.  de  la  Bastie  has  overcome  by  placing  the  temper- 
ing bath  in  immediate  communication  with  the  heating  oven,  and  covering  it 
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8o  as  to  prevent  access  of  air.  The  oven  being  charged  with  the  articles  to 
be  tempered,  they  are  made  to  slide  into  the  adjoining  bath  without  being 
handled,  and  the  contents  of  the  bath,  having  no  supply  of  external  air,  are 
not  liable  to  inflame.  In  order  that  the  shape  of  the  tempered  articles  may 
not  be  affeded,  particularly  flat  glass,  the  floor  of  the  oven  is  made  to  cant, 
80  that,  when  the  glass  is  heated  on  it,  it  is  turned  to  a  sloping  position,  and 
the  glass  slides  into  the  bath,  along  a  surface  arranged  in  it  at  the  same  angle 
as  that  of  the  oven  floor.  The  clearness  of  the  glass  may  be  affeded  by  the 
dust  of  the  furnace  flame,  which  is  apt  to  settle  on  the  glass  and  chill  its 
surface.  This  is  avoided  by  heating  the  glass  in  a  muffle,  to  which  the  flame 
has  no  excess,  being  applied  externally.  The  shock  of  the  fall  of  glass  into 
the  bath  is  prevented  by  fixing  in  it  a  sheet  of  wire  gauze,  or  asbestos  fabric, 
for  the  glass  to  fall  on.  Of  course  the  condition  of  working  would  be  con- 
siderably modified  where  %lass  manufacturers  adopted  the  toughening  process 
in  their  own  works.  In  such  case  the  toughening  process  would  simply  take 
the  place  of  the  present  annealing  process,  than  which  it  is  much  more  speedy 
and  economical.  The  glass  would  then  be  treated  just  at  the  point  at  which 
it  passes  from  the  fluid  to  the  solid  condition,  and  would  not  require  re- 
heating. By  the  substitution  of  this  process  for  that  of  ordinary  annealing, 
the  saving  would  be  considerable.  There  would  be,  first,  the  saving  of  the 
fuel  used  in  the  annealing  ovens ;  next,  the  saving  of  the  time  required  for 
annealing ;  thirdly,  the  saving  in  breakages,  besides  a  saving  in  labour  as 
well  as  in  other  diredions.  The  physical  change  which  glass  thus  treated 
undergoes  is  no  less  complete  than  remarkable.  Its  extreme  brittleness  is 
exchanged  for  a  degree  of  toughness  and  elasticity,  which  enables  delicate 
glass  articles  to  be  thrown  indiscriminately  about  the  room,  and  more  sub- 
stantial ones  to  resist  the  impad  of  heavy  iron  weights  falling  from  consider- 
able heights.  Upon  my  first  making  the  acquaintance  of  toughened  glass 
articles  at  the  offices  of  Messrs.  Abel  Rey  and  Brothers,  29,  Mincing  Lane — 
Messrs.  Rey  being  the  representatives  of  M.  de  la  Bastie — watch-glasses, 
plates,  dishes,  and  sheets  of  glass,  both  coloured  and  plain,  were  thrown 
across  a  large  room,  and  fell  spinning  on  the  floor.  Water  was  boiled  in  a 
tempered  glass  saucer  for  some  time  over  a  brisk  fire,  and  the  saucer 
was  quickly  removed  to  a  comparatively  cold  place,  and  stood  on  iron, 
but  was  in  no  way  affeded  by  change  of  temperature.  A  small  piece  of 
plate-glass  was  held  in  a  gas  fiame  until  the  comer  became  very  hot. 
The  glass  proved  a  bad  condudor  of  the  heat,  which  did  not  extend  any 
appreciable  distance  beyond  the  point  of  contad  with  the  flame,  neither  was 
the  glass  cracked  from  unequal  expansion,  nor  was  it  damaged  by  sudden  im- 
mersion in  cold  water.  In  order  to  judge  of  the  comparative  resistance 
offered  by  untoughened  and  toughened  glass  to  the  force  of  impad,  a  piece  of 
the  former,  measuring  6  inches  by  5  inches,  by  one-eighth  inch  thick,  was  sup- 
'  ported  in  a  frame  about  half-an-inch  from  the  floor.  A  2-ounce  brass  weight 
was  then  dropped  upon  it  from  I2  and  18  inches  respedively  without  damage, 
but  on  the  height  being  increased  to  24  inches,  the  glass  was  broken  into 
several  fragments.  A  piece  of  toughened  glass  of  the  same  size,  but  rather 
thinner,  was  then  treated  in  the  same  way,  at  heights  increasing  a  foot  at  a 
time  up  to  10  feet,  but  without  producing  the  slightest  visible  impression. 
I  say  '*  visible  "  impression,  because  it  is  possible  that,  by  the  repetition  of  the 
blows,  the  strudure  of  the  glass  may  have  become  imperceptibly  altered. 
We  all  know  that  by  repeated  blows  the  fibrous  nature  of  wrought-iron  becomes 
exchanged  for  the  crystalline  charader  of  cast-iron.  Finding  the  2-ounce 
weight  to  make  no  impression,  an  8-ounce  iron  weight  was  substituted,  and  was 
dropped  on  the  glass  from  a  height  of  a  feet,  and  then  of  4  feet,  without 
fraduring  it.  On  the  height  being  increased  to  6  feet,  however,  the  glass  broke 
with  a  distind  report.  But  here  another  phenomenon  presented  itself;  instead 
of  the  toughened  glass  being  broken  into  some  twelve  or  fifteen  large  angular 
pieces,  as  was  the  ordinary  glass,  it  was  literally  reduced  to  atoms.  There 
were,  it  is  true,  some  pieces  about  half-an-inch  square,  but  these  were  traversed 
in  all  diredions  by  delicate  lines  of  fradure,  and,  on  being  gently  touched, 
crumbled  into  small  pieces ;  and  numy  of  these  small  pieces  were  easily  re- 
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duced  by  gentle  pressure  into  mere  atoms,  so  thorough  and  so  complete  does 
the  disorganisation  of  the  entire  mass  appear  to  be.  All  these  points  will  be 
practically  demonstrated  at  the  conclusion  of  my  paper.  A  similar  result  is 
produced  by  placing  a  piece  of  toughened  glass  flat  on  the  table,  with  a  corner 
proje^ing  over,  and  endeavouring  to  chip  the  corner  off  with  a  hammer.  The 
comer  will,  after  a  series  of  smart  blows,  be  broken  off,  but  the  whole  mass 
will  be  at  the  same  moment  disintegrated  and  reduced  to  atoms.  Another 
peculiarity  about  toughened  glass  is  that  the  fragments  are  by  no  means  so 
sharp,  and  therefore  so  capable  of  piercing  the  flesh,  or  of  causing  incised 
wounds,  as  are  those  of  ordinary  glass.  One  important  point  of  difference  be- 
tween  M.  de  la  Bastie*s  toughened  glass  and  Prince  Rupert's  drops  is 
that,  although  the  skin  of  the  former  may  be  scored  through  with  the 
diamond,  the  body  cannot  even  then  be  broken  through  by  ordinary  force, 
much  less  does  the  mass  fly  to  pieces  and  disintegrate,  as  in  the  case  of  the 
Rupert  drops.  Still  wider  will  this  difference  appear  when  I  state  that 
toughened  glass  is  readily  susceptible  of  a  high  degree  of  polish,  and  it  can  be 
cut  by  the  wheel  for  lustre-work  and  such  like.  The  glass  can  likewise  be 
engraved,  either  by  hydrofluoric  acid,  or  by  Mr.  Tilghman's  elegant  sand-blast 
process.  It  will  thus  be  seen  that  toughened  glass  presents  features  which 
appear  to  some  extent  paradoxical.  It  would  appear  that  toughened  glass 
possesses  enormous  cohesive  power,  but  that  if  the  equilibrium  of  the  mass  is 
disturbed  at  any  one  point,  the  disturbance,  or  disintegration,  is  instantaneously 
communicated  throughout  the  whole  piece,  the  atoms  no  longer  retaining  the 
power  of  cohesion.  It  is  as  though  the  glass  was  endued  with  a  nervous  sys- 
tem, a  shock  to  which  at  any  one  point  instantly  and  utterly  demoralised  the 
whole.  It  is  important  to  note  that  neither  transparency  nor  colour  in  glass 
is  in  any  way  affeded  by  the  process  of  toughening,  and  the  ring,  or  sound 
emitted  upon  the  glass  being  struck,  is  nearly  as  clear  in  toughened  as  in  plain 
glass.  In  order  to  determine  the  relative  values  of  ordinary  glass  and  the 
toughened  material,  as  regards  their  strength,  I  suggested  to  Mes&rs.  Rey  the 
propriety  of  instituting  experiments,  with  the  view  of  ascertaining  their  respec- 
tive resistances  to  ordmarily  applied  stress.  In  these  experiments  I  have  been 
ably  assisted  by  Mr.  Kirkaldy,  whose  perfed  testing  machinery  has,  for  some 
years  past,  supplied  a  want  long  previously  felt  by  the  engineering  profession. 
Twenty  pieces  of  glass  in  all  were  submitted  to  bending  stress,  ten  being 
toughened  and  ten  untoughened.  The  glass  was  of  French  manufacture,  and 
was  that  known  as  "  Rive  de  Giers."  Each  piece  of  glass  measured,  as  nearly 
as  possible,  6  inches  in  length  by  5  inches  in  breadth,  and  the  samples  had  a 
mean  thickness  of  0*2259  ^^  ^^  inch.  Each  piece  was  placed  with  a  bearing 
of  half-an-inch  at  each  end,  and  the  weight  was  brought  gradually  upon  the 
centre ;  in  some  instances  by  the  testing-machine,  and  in  others  by  dired 
weights.  Taking  two  pieces  of  glass,  having  about  the  same  sedional  area — 
the  one  tempered  and  the  other  untempered — Mr.  Kirkaldy's  certificate  shows 
that  the  untempered  glass  yielded  under  a  strain  of  279  lbs.,  whilst  the 
toughened  glass  did  not  give  way  until  a  stress  of  1348  lbs.  had  been  reached. 
The  same  proportion,  however,  did  not  occur  throughout  the  series,  the 
toughened  glass  giving  in  some  instances  lower  results.  This  arose  from  two 
causes — the  diminished  area  of  some  of  the  samples  of  glass,  and  from  the  fad 
that,  in  some  instances,  the  process  of  toughening  had  not  been  perfedly 
carried  out ;  for  the  samples  were  prepared  by  M.  de  la  Bastie  under  purely 
experimental  conditions.  The  imperfed  tempering  was  made  manifest,  after 
the  destruction  of  the  glass,  in  three  ways  chiefly ;  flrst,  by  the  glass  showing 
needle  fraCtures,  such  as  are  seen  in  untoughened  glass ;  secondly,  by  a  faint 
milky  line  presenting  itself  in  looking  at  the  glass  in  sedion ;  and,  thirdly,  by 
portions  of  the  glass,  a  square  inch  in  area,  remaining  unfradtured,  whilst  the 
whole  surrounding  mass  was  reduced  to  atoms.  But  above  and  beyond  all 
this,  it  was  evident  that  the  strains  applied  were  such  as  could  not  possibly 
come  upon  glass  articles  in  ordinary  use.  They  were  long-sustained  pressures, 
tending  at  every  increment  of  weight  to  alter  the  relative  position  of  the 
particles  of  the  glass,  but  affording  them  no  opportunity  of  returning  to  their 
normal  position,  or,  in  other  words,  of  utilising  the  elasticity  of  the  mass. 
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Glass  articles  in  ordinary  use  are  subjed  to  sudden  sharp  blows,  either  from 
falling  down,  or  from  some  extraneous  substance  being  brought  smartly  in 
contad  with  them.     Under  these  conditions  the  elasticity  of  toughened  glass 
is  called  into  play,  and  enables  it  to  sustain  a  shock  immeasurably  beyond 
that  which  would  suffice  to  destroy  ordinary  glass,  as  is  shown  by  the  experi- 
ments first  described.    Hence  the  proper  tests  for  glass,  either  toughened  or 
plain,  are  precisely  those  of  smart  and  sudden  impad,  and  not  of  prolonged 
stress.    Examination  and  experiment  with  this  remarkable  substance  have 
revealed  a  number  of  most  interesting  fads  with  regard    to    its    physical 
charader.    The  limits  of  a  paper,  however,  forbid  me  entering  upon  these 
considerations  at  such  length  as  I  could  wish,  and  as  the  subjed  deserves. 
I  may,  however,  mention  that  the  microscope  reveals  the  fad  that  the  fradures 
follow  a  regular  order,  which  gives  a  uniform  shape  to  the  crystals  which  they 
produce.    Large  crystals  can  be  subdivided  into  several  smaller  ones  with  a 
similar  resiilt.    The  edges  of  the  atoms,  too,  are  not  jagged  and  serrated,  as 
are  those  of  ordinary  glass,  hence  their  diminished  tendency  to  cause  incised 
wounds,  as  already  mentioned.    This  peculiarity  would  afford  a  means  of 
ascertaining  whether  the  glass  had   been  tempered  or  not.     The  physical 
charader  of  toughened  glass  has  been  made  the  subjed   of  careful   investi- 
gation by  M.  Victor  de  Luynes,  who  made  the  results  of  his  researches  the 
subject  of  a  ledure,  which  he  delivered  at  the  annual  meeting  of  the  Soci£t6 
de  Secours  des  Amis  des  Sciences.    I  hoped  to  have  embodied  in  my  paper 
some  of  the  results  obtained  by  M.  de  Luynes,  but,  unfortunatelv,  the  rules 
of  the  Soci^t^   do   not  permit  the  publication  of  ledures  until  they  have 
passed  the  examination  of  a  committee,  which  process  M.  de  Luynes'  paper 
is  only  now  undergoing.    I  may,  however,  mention  that  M.  de  Luynes  had 
a  furnace  and  bath  in  the  ledure-room,  and  before  his  audience  he  tempered 
glass  objeds,  which  were  afterwards  successfully  tested.    As  a  general  result, 
M.  de  Luynes  has  found  that  toughened  glass  will  bear  from  &  to  loo  times 
the  strain  of  ordinary  glass.    M.  de  Luynes  also  examined  both  plain  and 
toughened  glass  by  the  aid  of  polarised  light,  the  results  of  his  examination 
going  to  show  that  toughened  glass  owed  its  peculiar  charaderistics  to  a 
condition  of  intensified  compression.     I  have  explained  what  toughened  glass 
is,  how  it  is  produced,  and  what  are  its  leading  features,  so  far  as  at  present 
ascertained.     It  therefore  only  remains  for  me  to  indicate  the  diredion  of  its 
pradical  application.     I  say  '*  indicate,'*  for  were  I   to  enumerate  all  the 
purposes  to  which  it  can  be  usefully  applied  I  should  simply  become  weari- 
some.    It  is  possible  that  there  is  not  one  corner  in  the  whole  domain  of 
the  arts,  sciences,  and  manufadures,  where   its    presence  will   not  in  time 
be  made  manifest  in  some  way  or  other,  and  its  usefulness  appreciated,  whilst 
for  purposes   pertaining  to  social  life   its   application   would   seem    to    be 
unlimited.     The  miner  would  have  a  safer  safety  lamp  than  even  Davy  gave 
him,  and  the  engineer's  gauge  glass  would  stand  the  highest  steam  pressure 
and  alternations  of  heat  and  cold  without  fear  of  mischance.     In  chemical 
works  it  would  supersede  lead  for  tanks,  and  the  present  costly  and  unreliable 
glass  pump-tubes  would  be  far  less  expensive,  and  infinitely  more  durable.     So 
with  brewers;  they  would  find  it  a  most  useful  friend  in  their  vats,  which  they 
could  thoroughly  and  easily  cleanse,  and  keep  free  from  those  secreted  stale  germs 
of  organic  life  which  develop  and  reproduce  themselves  in  the  process  of  fer- 
menting beer,  in  a  highly  objedionable  manner.     For  water-pipes  it  would 
offer  the  advantages  of  strength,  without  corrosion.    Assayers,  I  am  told, 
would   use  it  instead   of   platinum  in  some    processes.       In   silk-spinning 
machinery,  slider-eyes,  or  glides,  which  are  so  soon  cut  through  by  reason  of 
the  speed  at  which  the  silk  passes  through  them,  would  be  rendered  very 
durable  if  made  of  toughened  glass.    Another  application,  which  has  suggested 
itself  to  an  ingenious  American  gentleman  since  the  first  notice  of  M.  de  la 
Bastie's  invention  appeared,  is  the  manufadure  of  printing-types,  and  rollers 
for  printing-presses,  and  this  idea  is  now  being  developed  into  pradical  form. 
Seeing  the  wide  range  of  domestic  and  social  wants  which  toughened  glass 
promises  to  meet,  I  know  not  where  to  begin,  and  were  I  to  begin  I  should  not 
know  where  to  end.    I  can  only  observe  in  this  connedion  that  toughened 
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glass  promises  to  supersede  porcelain  and  similar  wareSf  and  to  add  a  real  and 
permanent  value  to  glass  utensils  of  every  kind.  It  will  probably  supersede 
enamel  on  culinary  utensils,  and  in  other  similar  diredlions.  It  might  be 
thought  that  this  invention  would  prove  a  disadvantage  to  the  glass  trade,  but 
the  widely-increased  use  of  glass  for  purposes  which  its  brittleness  has  hitherto 
un6tted  it  should  be  a  sufficient  answer  to  any  such  objedors.  If  there  were 
any  such,  they  would  naturally  be  those  connedled  with  the  glass  trade.  But 
I  do  not  find  them  there.  On  the  contrary,  some  of  our  most  eminent  glass 
manufadurers  are  now  negotiating  with  M.  de  la  Bastie's  agents  for  licenses  to 
work  the  patent  in  England.  I  may  observe,  that  it  is  not  at  all  improbable 
that  the  invention  will  receive  its  first  pradical  application  in  the  Aquarium 
now  in  course  of  eredion  within  a  short  walk  of  the  house  wherein  we  are  now 
assembled.  Such,  then,  is  one  of  the  most  notable  inventions  of  modern  times, 
an  invention  so  remarkable,  so  unique,  and  apparently  so  fraught  with  import 
to  the  arts,  sciences,  and  manu failures,  as  to  render  it  probable  that  the  name 
of  De  la  Ba9tie  will  one  day  occupy  no  mean  position  amongst  those  of  men 
by  whose  genius  science  has  been  enriched,  and  the  nations  practically 
benefitted. 
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I.    ANIMAL  DEPRAVITY. 

"  Selten  habt  ihr  mich  verstanden, 
Seller  auch  verstand  ich  euch ; 
Nur  wenn  wir  im  Koth  uns  fanden 
Da  erkannten  wir  uns  gleich." 

Heine. 

**  OTLT  is  of  no  use  to  talk  about  reason,"  said  a  friend  with 


whom  we  had  been  discussing  the  subjedl; — **  If  you 
wish  to  establish  man's  kinship  with  brutes,  you  must 
prove  that  they,  too,  are  capable  of  vice,  his  imagined 
prerogative."  We  could  not  deny  that  this  was  sound 
counsel.  In  sermons  and  platform-orations  and  in  leading 
articles  man  declaims,  indeed,  in  favour  of  "  virtue."  But 
listen  to  him  in  his  more  confidential  moments  when  he 
flings  aside  his  disguises.  You  will  find  that  he  then  pro- 
nounces such  of  his  own  species  as  make  some  apparent 
approach  to  this  official  standard  "  nincompoops  or  hypo- 
crites." The  faint  praise  with  which  he  damns  goodness 
but  half  hides  the  underlying  sneer.  Scarcely  can  you,  in 
the  German  language,  speak  of  a  man  in  terms  which  convey 
a  lower  estimate  of  his  abilities  or  his  energies  than  when 
you  call  him  "  eine  gute  Haut,"  or  **  eine  gute  Seele."  On 
the  contrary  "  ein  boser  Kerl  "  is  always  understood  to  be 
clever  and  plucky.  Even  the  virtuous  English,  senior 
wranglers  in  the  school  of  hypocrisy,  have  similar  idioms. 
**  A  good  boy,"  "  a  moral  young  man,"  **  a  very  good  sort  of 
fellow,"  **  a  man  with  no  harm  in  him,"  are  terms  used  by 
no  means  in  a  complimentary  sense.  Of  all  the  literary 
diseases  of  the  day  "  goody-goodyism "  is  the  one  most 
despised  by  cultivated  men  of  the  world.  On  the  other 
hand,  when  a  woman  is  particularly  well  pleased  with  her 
lover  does  she  not  always  call  him  a  *'  naughty  man  ?  "  Do 
all  these  phrases  spring  from  a  secret  convi(5tion  that  human 
vices  are  restrained  less  by  conscience  and  high  principle 
than  by  weakness  or  cowardice  ?  Does  the  world  suspe<5t 
that  the  good  man  has  often  merely  "  nothing  in  him  ?  " 

VOL.  VI.  (n.s.)  3  G 
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But  when  we  attempt  to  treat  of  the  morals  of  brutes,  in 
order  to  find  whether  in  that  region  lies  the  much  talked-of 
but  evanescent  boundary-line — when  we  seek  to  show  that 
vice  is,  after  all,  not  man's  exclusive  attribute,  we  are  met  at 
once  with  the  objedtion — "  Animals  have,  and  can  have,  no 
moral  life,  as  is  man.  They  have  no  perception  of  right 
and  wrong,  but  simply  follow  their  propensities,  and  obey  the 
laws  of  their  being,  from  which,  indeed,  they  have  no  power 
to  depart."  *  This  is,  I  think,  a  tolerably  fair  specimen  of  the 
language  which  demi-savants  habitually  use  when  treating  of 
the  lower  animals.  "  The  kingdoms  of  freedom  and  of 
nature"  is  an  antithesis  common  in  their  mouths, — the 
"  kingdom  of  freedom,"  forsooth,  signifying  mankind  I  It  is, 
of  course,  exceedingly  convenient  to  have  some  imaginary  a 
priori  reason  which  renders  any  appeal  to  fafts  superfluous, 
or  rather  altogether  impertinent.  Being  neither  lunatics, 
metaphysicians,  Calvinists,  nor  fallen  angels,  t  we  shall 
not  enlarge  upon  "  freedom ;"  we  will  merely  declare  that  if 
men's  vaunted  freedom  relates  to  action  it  is  shared  by  the 
gorilla.  He  is  perfectly  free  to  rise  up  or  sit  down,  to  come 
or  go,  to  crack  a  nut,  or  to  crush  the  skull  of  a  ''  man  and  a 
brother,"  just  as  he  may  think  proper.  That  he  is  "  free  ** 
to  love  or  to  hate  J  to  fear  or  hope,  to  believe  or  disbelieve, 
or  in  short  to  experience  any  emotion,  passion,  feeling,  senti- 
ment, or  frame  of  mind,  we  deny,  just  as  we  deny  it  of  man. 
Now  to  the  more  immediate  question. 

In  the  first  place  we  must  judge  every  animal  from  what 
may  be  called  its  own  point  of  view,  not  with  reference  to 
man  and  his  notions  of  advantage  or  convenience.  He  calls 
the  wolf  and  the  tiger  cruel,  the  viper  malignant,  and  the 
spider  treacherous.  This  is  idle  talk.  The  wolf  can  only 
subsist  upon  animal  food,  and  is  no  more  to  be  censured  for 
devouring  the  lamb, — for  which  he  may  further  plead  man's 
conduft  in  precedent — than  is  the  lamb  for  devouring  grass. 
Why,  moreover,  should  the  vegetarian, — brute  or  human — 
presume  to  denounce  the  flesh-eater  as  cruel  ?  Have  plants 
no  rights  ?  Are  we  sure  that,  if  they  could  be  consulted, 
they  would  consent  to  be  plucked  and  eaten  ?  They  have,  it 
is  true,  no  demonstrable  nervous  system.  But  in  view  of 
the  manifold  ways  by  which  in  creation  we  see  one  and  the 
same  end  accomplished, — in  view,  too,  of  the  fadls  on 
vegetal  sensitiveness  now  ascertained — can  we  accept  this  as 

*  "  Animals,  as  a  rule,  do  no  more  than  follow  their  natural  instinds.** 
Rev.  G.  Henslow,  "  Theory  of  Evolution  of  Living  Beings." 
f  Milton  most  happily  represents  his  devils  discussing  on  free-will. 
X  "  It  Lies  not  in  our  Power  to  Love  or  Hate."— Mablowb. 
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conclusive  evidence  ?  A  Society  for  the  Emancipation  of 
Vegetables  should  be  formed  at  once  and  begin  soliciting 
subscriptions.  Such  a  movement  would  not  be  more  un- 
reasonable than  certain  other  phases  of  modern  British 
humanitarianism. 

It  is  a  great  mistake  to  suppose  that  herbivorous  animals 
are  necessarily  milder  than  the  carnivora.  The  contrary  is 
often  the  case.  The  flesh-eater  attacks  and  kills  for  food.. 
The  grass-eater,  e.g  the  Cape  BufEalo,  and  even  the  domestic 
bull  indulges  in  wanton  outrages  and  '*  unprovoked  assaults." 
His  tendency  to  these  peculiarly  English  ofiences  is,  per- 
haps, the  reason  why  he  has  been,  under  the  name  of  Joha 
Bull,  chosen  as  the  type  of  the  nation. 

The  true  question  is,  Does  a  brute,  like  man,^  ever  violate 
"  the  laws  of  its  own  nature  ?  "  If  it  is  found  incapable 
of  departing,  whether  ta  the  right  hand  or  the  left,  from  one 
fixed  line,  we  must  then  pronounce  it,  according  to  the  com- 
monly received  notion,  alike  incapable  of  vice  and  of  virtue, 
void  indeed  of  moral  life,  in  as  far  as  this  is  deemed  to  be 
dependent  upon  choice.*  But  if  it  can  deviate  more  or  less 
from  the  norm  of  its  existence,  and  especially  if  by  such 
transgression  it  entails  suffering  upon  itself  and  others,  we 
are  then,  we  submit,  warranted  in  regarding  its  adtions  as 
morally  good  or  evil, — ^good  in  as  far  as  it  conforms  to  the 
laws  of  its  being ;  evil  when  it  goes  astray. 

We  may  then  judge  it,  just  as  man  judges  his  own  actions 
and  those  of  his  fellows ;  the  full  likeness  of  the  cases  justi- 
fying us  in  drawing  like  conclusions.  It  will  be  admitted 
that  *'  brutes "  have  wills  of  their  own  which  vary  in 
intensity  among  individuals  of  any  given  species  in  the  same 
manner  as  in  man,^  if  not  to  the  same  extent.  Among 
domestic  animals  there  are  some,  which,  in  spite  of  kicks 
and  cuffs  and  general  maltreatment,  persevere  in  their  own 
way.  Such  creatures,  man  taking,  as  usual,  himself  for  the 
law  of  the  universe,  pronounces  **  vicious."  There  are 
others,  again,  which,  under  all  circumstances,  unhesitatingly 
submit  their  will  to  his,  and  these  he  praises. 

The  same  method  of  judging,  by  the  way,  is  applied  to 
dependents  and  children.  A  child  deficient  in  vital  power 
implicitly  obeys  his  parents  and  "  betters  "  from  want  of 
energy  to  dispute  their  commands.  He  is,  accordingly, 
held  up  to  general  admiration  ;  his  early  death  is  pronounced 
a  "  mysterious  dispensation  of  Providence,"  and  his  virtues 

*  If  there  were  no  evil,  would  there  be  also  no  good  ?  If  all  matter  were 
absolutely  transparent  and  incapable  of  throwing  a  shadow,  would  light  cease 
to  exist  ? 
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■ 
and  precocity  are  duly  chronicled  in  a  traft.  On  the  con- 
trary, the  healthy  and  vigorous  child,  full  of  life  and  adlion, 
is  apt  to  rebel  against  authority.  It  is,  therefore,  set  down 
as  a  tiny  incarnation  of  evil,  and  if  it  finds  its  way  at  all  into 
a  pretty  story-book,  is  made  to  serve  as  an  awful  warning 
for  the  risinjf  generation.  There  is  wonderful  virtue  in 
listlessness,  and  in  impotence  lies  an  inconceivable  amount 
of  purity.  Perhaps  if  we  take  the  latter  term  in  its  modem 
cant  sense  the  two  may  be  regarded  as  pradlically  synony- 
mous. 

The  existence  of  a  will,  capable  of  aAing  at  times  in 
defiance  of  circumstances,  is  as  clearly  manifest  in  the  horse, 
the  ass,  and  the  pig  as  in  man  himself,  though  in  the  three 
former  it  is  little  appreciated.  Strange  that  what  in  ani- 
mals is  branded  as  stupidity  should  in  man  be  deemed  almost 
divine. 

Were  brutes  devoid  of  freedom,  unabje  to  choose  between 
two  lines  of  condudl,  we  should  find  them  in  all  cases  simply 
obedient  to  their  propensities,  and  intent  only  upon  immedi- 
ate gratification  without  any  regard  to  ulterior  consequences. 
Were  such  the  case,  for  man  to  train  them  would  be  an 
impossibility.  Yet  we  know  that  dogs,  cats,  hawks,  &c.,  are 
trained  to  condudt  quite  different  from  their  natural  inclina- 
tions. A  cat,  though  one  of  the  most  self-willed  of  animals, 
can  be  taught  to  abstain  from  molesting  chickens,  pigeons, 
and  cage-birds,  or  from  stealing,  scratching  furniture,  &c.  A 
dog  can  be  brought  to  point  to  a  covey  of  partridges  instead 
of  obeying  his  natural  impulse  to  rush  forward  and  endea- 
vour to  seize  them.  The  following  case  is  very  significant : 
— "  A  fine  terrier  in  the  possession  of  a  surgeon  at  White- 
haven, about  three  weeks  ago  exhibited  its  sagacity  in  a  rather 
amusing  manner.  It  came  into  the  kitchen  and  began 
plucking  the  servant  by  the  gown,  and  in  spite  of  repeated 
rebuffs  it  perseveringly  continued  in  its  purpose.  The  mis- 
tress of  the  house,  hearing  the  noise,  came  down  to  inquire 
the  cause,  when  the  animal  treated  her  in  a  similar  manner. 
Being  struck  with  the  concern  evinced  by  the  creature  she 
quietly  followed  it  upstairs  into  a  bedroom  whither  it  led 
her ;  there  it  commenced  barking,  looking  under  the  bed  and 
then  up  in  her  face.  Upon  examination  a  cat  was  discovered 
there  quietly  demolishing  a  beef-steak,  which  it  had  feloni- 
ously obtained.  The  most  curious  feature  is  that  the  cat 
had  been  introduced  into  the  house  only  a  short  time  before, 
and  that  bitter  enmity  prevailed  between  her  and  her  canine 
companion/'* 

*  Zoologist,  p.  213 1. 
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This  is  a  capital  case.  "  Instindl "  might  undeniably 
have  led  the  terrier  to  attack  the  cat  and  attempt  to  deprive 
her  of  her  booty.  But  we  find  this  natural  impulse  here 
completely  restrained  for  the  attainment  of  a  definite  end. 
The  terrier  must  have  drawn  the  conclusion  that  his  enemy, 
if  detected  in  theft,  would  probably  suffer  severe  punishment, 
— perhaps  even  death — and  he  therefore  laid  an  information 
against  her,  calculating  thus  to  get  rid  of  her  without  com- 
promising himself.  This  incident  plainly  proves  that  brutes 
are  capable  of  self-control — that  they  do  not  always  blindly 
and  necessarily  follow  their  physical  appetites,  but  can,  like 
man,  forego  a  present  indulgence  for  what  appears  to  them 
a  greater  good  in  prospedl.  It  is  as  clear  a  case  of  self- 
determination, — of  appetite  and  passion  governed  by  the 
will, — as  any  which  human  biography  can  show. 

It  will  possibly  be  objected  that  we  give  no  instance  of 
self-control  except  in  species  which  have  been  brought 
under  human  influence.  The  reply  is  obvious;  if  a  freewill 
or  a  power  of  self-determination  has  been  created  in  such 
animals  by  man's  intervention,  its  presence  or  absence  is 
obviously  a  matter  of  small  moment  and  quite  inadequate  to 
establish  a  "great  gulf"  between  man  and  "brute."  But 
if  the  will  has  not  been  thus  created,  it  is  probable,  or  rather 
certain,  that  were  man  better  acquainted  with  the  habits  of 
wild  animals  he  would  find  in  their  condudt  also  cases  of 
self-control. 

It  will  further  be  objedled  that  in  the  vast  majority  of 
cases,  animals  merely  adt  in  accordance  with  the  dictates  of 
their  ruling  propensities.  We  grant  this,  and  we  ask  whether 
this  does  not  hold  good  to  an  almost  equal  extent  with 
man  ?  Analyse  the  adlions  of  N'Kygntzgm,  the  blue-nosed 
baboon,  and  you  will  admittedly  find  little  save  the  mani- 
festations of  ruling  propensity.  Sift  in  like  manner  the 
condudt  of  John  Nokes,  collier,  of  Hanley,  and  you  will 
come  to  the  same  result.  Surely,  then,  we  can  regard  it  as 
proven  that  in  the  matter  of  self-determination,  in  the 
supremacy  of  will  over  propensity,  there  is  no  difference  of 
kind  between  man  and  brute. 

Were  animals  really  what  vulgar  human  opinion  supposes 
— did  they  simply  and  in  all  cases  follow  their  propensities 
in  the  machine-like  manner  so  commonly  attributed  to  them, 
it  is  difficult  to  see  how  any  individuality  of  character  could 
exist.  All  the  members  of  one  species  would  have  the  same 
mental  abilities  and  the  same  dispositions.  But  this 
is  precisely  what  is  not  the  case.  Among  a  dozen 
animals  of  the  same  species  and  even  of  the  same  breed 
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differences  of  charadler  are  found  as  decided  as  occur 
among  a  similar  number  of  men.  Any  breeder  or  trainer  of 
horses,  cattle,  dogs,  or  poultry,  would  greet  with  laughter, — 
loud,  if  not  Olympian, — the  theorist  who  should  assert  that 
these  animals  display  anything  like  identity  of  disposition. 
There  are  the  obstinate  and  the  docile,  the  timid  and  bold, 
the  open  and  the  treacherous,  the  placable  and  the  revengeful. 
In  fadl,  to  find  two  horses  or  two  dogs  precisely  alike  in  every 
point  of  chara<5ter  that  man  can  distinguish  would  be  as 
difficult  as  to  find  two  human  beings  similarly  identical.  How 
much  greater,  then,  would  be  the  range  of  charadler  visible 
if  we  could  see  them  with  the  eyes  of  their  own  species  I 

Perhaps  the  usual  evasion  may  be  attempted  that  such 
various  development  of  temper  and  disposition  is  to  be  found 
among  tame  animals  alone.  The  objedtion  is  baseless. 
Capture  a  number  of  wild  elephants,  hawks,  ravens,  parrots, 
and  try  to  tame  them.  You  will  find  still  the  same  variety 
as  you  would  among  animals  bom  in  a  state  of  tameness. 
The  differences  are  found  by  man,  not  created. 

We  will  next  endeavour  to  show — ^what  indeed,  follows  as 
a  corollary  from  the  foregoing  considerations — that  animals 
are  capable  of  vice,  hoping  that  this  circumstance  may  lead 
man  to  recognise  them  as  brothers. 

To  eat  more  than  hunger  demands  merely  for  the  sake  of 
the  sensuous  enjoyment  thus  obtainable,  has  been  always,  in 
man,  branded  as  a  serious  vice,  and  has  indeed  been  classed 
among  the  "seven  deadly  sins'*  of  mediaeval  tradition.* 
This  transgression  has  been  found  to  impair  human  health, 
and  to  blunt  mental  adtion.  How  is  it  in  this  respe<5t  with 
brutes  ?  Do  they  never  eat  more  than  they  can  digest  and 
assimilate?  Do  they  never  suffer  consequently  in  .their 
health  ?  Most  assuredly.  Cows  have  been  known  to  gorge 
themselves  with  clover  till  they  have  died  from  repletion. 
Ducks  often  suffer  from  their  own  greediness.  Similar  cases 
of  gluttony  are,  of  course,  more  rare  among  wild  animals^ 
who  neither  find  food  in  such  abundance  nor  are  so  imdis- 
turbed  in  its  enjoyment.  Yet  even  they,  in  homely  phrase, 
at  times  eat  more  than  does  them  good.  Here,  then,  we  see 
that  brutes  have  a  certain  liberty  of  ai^ion.  They  can  be 
either  temperate  or  gluttonous.  In  the  former  case  they 
preserve  their  health ;  in  the  latter  case  they  bring  upon 

*  It  18  a  remarkable  fa&  that  the  discharge  of  any  voluntary  physical  funftion 
to  which  no  pleasure  is  attached  was  never  pronounced  a  vice,  even  if  exercised 
in  excess.  But  those  whose  importance  the  Creator  has  indicated  bv  rendering 
them  pleasant  were  branded  as  sinful  not  merely  when  discharged  in  excess, 
but  even  when  kept  within  the  bounds  of  moderation, — and  this  in  the  exad 
ratio  of  their  pleasurableness. 
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themselves  disease  or  perhaps  death.  If  the  gluttonous 
animal  gives  unchecked  play  to  its  propensities,  does  not  the 
temperate  animal,  like  the  temperate  man  resist  temptation 
and  exercise  a  certain  amount  of  self-restraint  ?  Is  it  not,  for 
so  doing,  equally  entitled  to  credit  ? 

The  Rev.  G.  Henslow,  in  his  able  and  interesting  work  on 
the  "  Theory  of  Evolution  of  Living  Things,"  makes  some 
remarks  which  must  here  be  taken  into  consideration  if  only 
for  their  cool  naivete  of  assumption.  Says  this  author : — 
"  In  obeying  those  laws  of  self-preservation  and  propagation 
which  have  been  impressed  upon  it,  it  is  extremely  probable 
that  wild  animals  eat  and  drink  not  for  the  purpose  of  eating 
and  drinking,  but  to  maintain  bodily  life  only.  The  laws 
of  propagation  are  obeyed,  but  union  is  probably  not  re- 
sorted to  for  mere  union's  sake.  Animals  show  no  signs  of 
distinguishing  the  objedt  from  the  means.  Man  alone  can 
see  that  eating  is  pleasant,  and  so  often  eats  for  the  mere 
sake  of  eating,  and  similarly  of  other  pleasures." 

If  animals  eat  only  to  maintain  life  it  is  somewhat  strange 
that  they  are  so  extremely  nice  in  the  quality  of  their  food. 
Birds  and  wasps,  in  their  visits  to  our  gardens,  seledl  fruit 
with  a  care  surpassing  that  of  any  human  epicure.  They 
attack  only  the  finest  pears,  peaches,  &c.,  and  of  these  they 
eat  only  the  sunny  side.  Mr.  Henslow  confounds  the  result 
of  an  adtion  with  the  motive.  Man,  at  least  in  his  adult  state, 
and  possibly  the  higher  animals,  know  that  the  result  of 
eating  is  the  prolongation  of  life,  and  that  abstinence  would 
be  ultimately  fatal.  But  neither  man  nor  animal,  as  a  rule, 
eats  from  any  other  motive  than  to  avoid  the  pains  of  hunger 
and  to  secure  the  pleasures  of  eating.  We  will  even  venture 
to  say  that  the  less  ultimate  results  are  held  in  view  in  the 
gratification  of  any  physical  appetite  the  more  perfectly  those 
very  results  are  obtained.  As  regards  the  "  laws  of  propa- 
gation." We  can  bring  forward  fadls  proving  that  among 
animals  union  is  resorted  to  for  mere  union's  sake.  Into 
what  absurdities  men  are  led  by  their  notions  of  what  is 
"  extremely  probable !" 

It  may  be  urged  that  the  moderation  of  an  animal  may 
i  spring,  not  from  its  greater  power  of  self-control,  but  from  its 

ij  feebler  appetites.     We  cannot  deny  that  this  is  a  possible 

explanation.  But  it  may,  with  equal  right,  be  extended  to 
man  also.  Who  knows  that  the  temptation  which  the  saint 
resists  is  really  as  strong  as  that  to  which  the  sinner  suc- 
cumbs ?  Are  we  not,  in  cases  of  reformation  of  charadler, 
frequently  left  in  painful  doubt  whether  the  "  convertite  "  is 
forsaking  his  vices  or  his  vices  forsaking  him  ? 
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Alcoholic  excitement  is  not  one  of  the  prevailing  vices  of 
brutes,  from  the  satisfaftory  reason  that  they  are  under  the 
operation  of  a  natural  Maine  Law.*  Two  cases  of 
drunkenness,  in  a  cow  and  a  sow  respectively,  are  on  record. 
Both  these  occurred  in  Scotland.  It  is  only  fair  to  surmise 
that  the  offending  animals,  like  some  of  their  two-legged 
compatriots  thought  fit,  in  the  words  of  Hudibras,  to  : — 

**  Compound  for  sins  they  were  inclined  to. 
By  damning  those  they  had  no  mind  to." 

A  later  instance  of  undeniably  "  beastly  "  drunkenness 
is  given  in  the  "  Greenock  Advertiser."  Two  rats  got 
*'that  fou"  in  the  shop  of  a  spirit  merchant  in  the  town 
by  dint  of  consuming  the  dribblings  from  a  barrel  of 
strong  ale,  and  were  killed  before  they  could  stagger  off  to 
their  holes. 

It  is  generally  known  that  most  of  the  Quadrumana, 
when  thrown  among  human  society,  learn  very  readily  to 
like  a  glass  of  strong  liquor, — a  fadl  which  should  go  far  to 
establish  their  title  to  a  place  on  the  right  side  of  the 
**  gulf."  It  is  no  less  certain  that  some  of  the  less  reputable 
monkeys  are  captured  by  leaving  near  their  haunts  vessels 
filled  with  a  kind  of  beer.  They  come,  drink  and  become 
drunken,  and  in  that  state  commit  the  very  venial  error  of 
mistaking  the  negro,  who  comes  to  lead  them  into  captivity, 
for  one  of  their  own  species. 

From  alcoholism  we  are  naturally  led  to  the  love  of  the 
narcotics,  as  tobacco,  opium,  Indian  hemp,  coca,  and  the 
like.  That  man  has  a  widely-spread  craving  for  these  so- 
called  "  keys  of  paradise,"  has  been  sufficiently  shown. 
But  apes,  also,  in  captivity  have  been  known  to  indulge  in 
the  "  weed "  with  evident  relish.  Imitation,  say  you  ? 
Probably  enough ;  but  has  imitation  no  part  in  the  spread  of 
these  minor  vices  among  mankind  ?  Nine  smokers  out  of 
ten  first  take  to  the  pipe  or  the  cigar  from  the  tendency — 
common  alike  to  man  and  brute — of  doing  what  others 
do.  A  love  for  tobacco  in  the  solid  form,  also,  is  not  pecu- 
liar to  man.  At  a  tavern  in  Bradford  there  flourished  some 
years  ago  a  goat,  whose  exploits  in  tobacco-chewing  were  not 
unknown  to  fame  throughout  the  "  land  of  woollen."  A 
frequenter  of  the  house  occasionally  won  money  from 
strangers,  by  betting  that  "  himself  and  another "  would 
eat  a  pound  of  tobacco  in  ten  minutes.  If  the  wager  was 
accepted  he  would  order  in  a  pound  of  ordinary  shag  tobacco, 

*  This  is  not  literally  true.  Alcohol,  in  small  doses,  is  heing  deteded  in 
natural  produAions,  in  which  man  has  had  no  part. 
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put  a  modest  pinch  in  his  own  mouth  and  call  in  the  goat, 
who  soon  disposed  of  the  remainder.  It  is  not  on  record 
that  Billy  suffered  in  his  health  or  displayed  any  marks  of 
penitence  after  these  performances. 

Turn  we  next  to  dishonesty  in  the  widest  sense  of  the 
word, — the  vice  most  in  favour  in  this  virtuous  age.  The 
lower  animals  labour  under  the  disadvantage  of  having  no 
stock-exchange  and  of  not  using  bills  of  exchange.  But 
they  indulge  to  the  best  of  their  means  and  opportunities  in 
deceit,  affedlation,  and  hypocrisy. 

The  Rev.  J.  G.  Wood,  in  his  recent  interesting  work 
"  Man  and  Beast,"  gives  an  instance  of  a  terrier  who,  find- 
ing that  a  companion  had  anticipated  him  in  getting  posses- 
sion of  a  snug  seat,  suddenly  pricked  up  his  ears,  dashed 
into  a  corner  of  the  room,  and  begun  scratching  and  barking 
furiously.  The  other  dog,  believing  that  this  commotion 
indicated  the  presence  of  a  rat,  hastened  to  the  spot,  when 
the  terrier  at  once  ran  back  and  secured  the  coveted  cushion. 
Mr.  Wood — we  quote  from  memory — very  justly  brings  for- 
ward this  incident  as  a  proof  of  intelligence  in  dogs.  But 
it  is  equally  a  proof  of  dishonesty.  It  is  a  clear  case  of 
obtaining  something  desirable  on  false  pretences. 

Hypocrisy  is  almost  as  prominent  among  the  Felidae  as 
among  men.  If  a  delicate  morsel  is  thrown  to  a  cat,  she 
will,  except  very  hungry,  assume  an  air  of  utter  unconcern. 
But  all  the  while  she  knows  its  position  to  a  hair's  breadth, 
and  when  no  one  appears  to  be  looking,  it  will  be  at  once 
seized  and  swallowed.  Or  if  a  bowl  of  cream  is  standing 
in  an  accessible  position,  pussy  appears  lost  in  the  brownest 
of  studies.  Her  eyes  are  closed,  or  if  open  are  diredled  any- 
where save  towards  the  tempting  objedl ;  yet  all  the  time 
she  is  watching  her  opportunity.  Whether  in  cats  or  in 
man  this  failing  is  invariably  the  "  homage  which  vice  pays 
to  virtue"  we  leave  an  open  question. 

The  following  instance  of  deceit  and  hypocrisy  in  a  terrier 
is  given  by  Mr.  G.  J.  Romanes  in  "  Nature"  (May  27th,  1875, 
p.  66). 

*'  He  used  to  be  very  fond  of  catching  flies  upon  the  win- 
dow panes,  and  if  ridiculed  when  unsuccessful  was  very 
much  annoyed.  On  one  occasion,  in  order  to  see  what  he 
would  do,  I  purposely  laughed  immoderately  every  time  he 
failed.  It  so  happened  that  he  did  so  several  times  in  suc- 
cession— partly,  I  believe,  in  consequence  of  my  laughing — 
and  eventually  he  became  so  distressed  that  he  positively 
pretended  to  catch  the  fly,  going  through  all  the  appropriate 
actions  with  his  lips  and  tongue,  and  afterwards  rubbing 

VOL.  VI.  (n.s.)  3  H 


424  Animal  Depravity.  [Odlober> 

the  ground  with  his  neck,  as  if  to  kill  the  vi<5lim  :  he  then 
looked  up  at  me  with  a  triumphant  air  of  success.  So  well 
was  the  whole  process  simulated  that  I  should  have  been 
quite  deceived  had  I  not  seen  that  the  fly  was  still  upon  the 
window.  Accordingly  I  drew  his  attention  to  this  fadl,  as 
well  as  to  the  absence  of  anything  upon  the  floor,  and  when 
he  saw  that  his  hypocrisy  had  been  detedled,  he  slunk  away 
under  some  furniture,  evidently  much  ashamed  of  himself." 

This  last  point  is  most  significant,  fully  overturning  the 
vulgar  notion  of  the  absence  of  moral  life  in  brutes,  and  of 
their  total  want  of  conscience. 

That  animals  steal  is  a  familiar  expression.  But  we 
must  here  distinguish  two  diff^erent  cases.  We  speak  of 
hares  stealing  our  corn,  and  of  blackbirds  plundering  our 
cherries  ;  but  in  neither  case  have  we  any  reason  to  conclude 
that  the  offenders  can  distinguish  between  the  crops  in  cul- 
tivated lands,  and  the  spontaneous  produce  of  woods  and 
wastes.  But  not  a  few  species  both  of  birds,  quadrupeds, 
and  insedls  evidently  recognise  the  idea  of  property.  This 
is  proved  by  the  faft  that  they  display  far  greater  courage 
and  pertinacity  in  defence  of  their  nests,  their  haunts,  and 
their  accumulations,  than  under  other  circumstances.  A 
dog,  that  when  trespassing  is  put  to  flight  by  a  gesture  or  a 
shout,  becomes  a  formidable  opponent  in  his  own  yard.  If, 
then,  such  animals  know  what  property  is,  and  yet  at  times 
make  free  with  it,  we  may  justly  pronounce  them  conscious 
thieves.  Rooks  are  apt  to  purloin  sticks  from  each  other's 
nests ;  but  if  the  offender  is  detedled  and  cuflied  by  the 
rightful  owner,  conscience  makes  a  coward  of  him.  and  he 
merely  defends  himself  by  flight.  More  than  this — rooks 
have  some  rudiments  of  criminal  law.  Inveterate  thieves 
are  sometimes  banished  from  the  rookery,  severely  beaten, 
or  even  killed  outright.*  But  law  pre-supposes  the  notions 
of  right  and  wrong,  and  could  never,  therefore,  have  arisen 
among  beings  incapable  of  making  this  distinction. 

As  another  vice,  we  may  take  quarrelsomeness — a  term 
which  we  need  surely  not  define.  This  attribute  is  highly 
conspicuous  in  the  human  species,  nowhere  perhaps  more 
strikingly  than  in  that  part  of  the  English  nation  who 
inhabit  the  borders  of  Yorkshire  and  Lancashire.  But  cer- 
tain dogs  show  the  very  same  disposition,  and  without  the 
smallest  provocation  take  every  opportunity  of  attacking 
horses,  cows,  sheep,  and  human  beings.    There  is  a  well- 

*  A  most  interesting  account  of  the  habits  of  rooks  was  given  by  Mr. 
Ashley,  of  Sheffield,  in  a  ledure  delivered  before  the  Mechanics'  Institute  of 
that  town  about  twenty  years  ago. 
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authenticated  instance  of  a  terrier  who,  in  picking  a  quarrel 
contrived,  as  skilfully  as  if  trained  in  the  Kanzlei  of  Prince 
Bismarck  to  place  himself  technically  in  the  right.  He 
would  time  his  movements  so  that  some  passenger  should 
stumble  over  him,  and  would  then  fasten  on  the  calf  of  his 
leg.  With  a  most  statesmanlike  aptitude  he  seledled  the 
aged,  the  infirm,  and  the  ill-dressed,  as  the  objedls  of  his 
cunningly-planned  attacks.  Lord  Lytton  tells  us  that  the 
dog  is  a  gentlemanly  animal ! 

Closely  connected  with  quarrelsomeness  is  the  most  fiend- 
ish of  all  man's  failings — overlooked,  as  it  is,  by  world-bet- 
terers  and  vice-suppressers — his  disposition  to  give  pain, 
bodily  or  mental,  for  mere  amusement.  There  are  few 
human  beings,  of  the  male  sex  at  least,  who  do  not  delight 
in  tormenting  other  creatures,  whether  of  their  own  or  of 
some  different  species.*  Yet  even  this  kind  of  malignity  is 
not  unshared  by  man's  poor  relations.  Fall  among  wolves, 
and  they  will  kill  you  for  the  straightforward  purpose  of  eat- 
ing you.  Fall  among  blue-nosed  baboons  and  they  will  tor- 
ment you  to  death  "just  for  the  fun  of  the  thing."  Could 
a  Red  Indian,  or  even  a  normal  English  school-boy,  greatly 
improve  upon  this  ? 

With  the  exception  of  a  few  genuine — not  professional — 
philanthropists,  man  is  remarkable  for  persecuting  such  of 
his  own  species  as  are  unfortunate.  This  diabolical  propen- 
sity shows  itself  in  a  variety  of  forms.  "  Hit  him  again, 
he  has  no  friends,"  is  scarcely  a  parody  on  the  avowed 
opinions  of  the  less  h3rpocritical  of  the  species.  Those  who 
lay  claim  to  higher  culture  express  their  sorrow  for  the 
calamities  of  a  neighbour  by  eschewing  his  society,  or  per- 
haps even  by  asking  him  whether  he  does  not  recognise  in 
his  sufferings  a  well-merited  Divine  chastisement  ? 

Odious  as  is  this  trait  of  human  character,  man  has  no 
monopoly  thereof.  The  wounded  wolf  is  at  once  devoured  by 
his  comrade*^. 

Cattle,  both  wild  and  tame,  have  been  observed  to  gore 
and  trample  to  death  a  sick  or  lame  member  of  the  herd. 
A  rook,  accidentally  entangled  in  the  twigs  of  a  tree,  is 
pecked  and  buffetted  by  its  fellow-citizens.  This,  of  course, 
has  been  pronounced  "  instinctive."  Aninials,  we  are 
gravely  told,  put  an  end  to  sufferings  which  they  are  power- 
less to  alleviate.  They  do  not  wish  that  the  herd  should  be 
encumbered  with  a  sickly  or  wounded  member.  Taking 
these  explanations  for  what  they  are  worth,  we  still  ask 

*  When  an  Englishman  talks  about  amusement,  it  may  be  inferred  as  a 
general  rule  that  he  means  killing  something. 
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whether  man's  ill-treatment  of  his  unfortunate  fellows  is  not 
the  ultimate  transformation  of  the  very  same  instiridl. 

But,  further,  the  alleged  instinft  is  not  common  to  all 
gregarious  animals.  Monkeys  and  baboons  cherish  and 
defend  the  young,  the  helpless,  and  the  wounded  of  their 
own  species.  Ants  will  take  great  pains  to  rescue  a  mem- 
ber of  their  community  who  is  in  distress. 

Looking  in  a  different  dire<f\ion,  we  must  acknowledge 
that  among  viviparous  animals  and  birds,  the  females  are,  as 
a  general  rule,  no  less  careful   of  their  young  than   are 
human  mothers.   In  thus  adting  they  are  undoubtedly  obey- 
ing one  of  the  "  laws"  of  their  nature.     But  they  can  also 
transgress  such  law,  just  as  we  occasionally  find  a  woman 
who  will  negledt,  ill-treat,  or  even  kill  her  child.     So  is  it 
with  female  brutes.     Sometimes,  though  rarely,  they  will 
abandon  or  destroy  their  young.    This  is  a  fadt  well  known 
to  the  breeders  of  tame  animals.     The  seller  of  a  mare,  a 
cow,  or  a  sow,  is  often  asked  by  an  intending  purchaser, 
"  Is  she  a  good  mother  ?"     It  must  be  remarked  that  neg- 
ledl  of  family  is  by  no  means  the  invariable  result  of  want 
of  food,  or  of  danger  and  annoyance.     Birds  will,  as  is  well 
known,  sometimes  forsake  their  nests  from  fear.     But  a  hen 
has  been  known  to  leave  her  chickens  to  the  mercy  of  acci- 
dents without  any  conceivable  motive  save  caprice,  or  the 
want  of  ordinary  natural  affedtion.     Cats,  though  ordinarily 
very  affectionate  mothers,  and  sows,  sometimes  devour  their 
young.     Here,  therefore,  we  find,  again,  that  the  lower  ani- 
mals  are  not  bound  down  by  absolute  necessity  to   one 
unvarying  line  of  condudt.     Like  man,  they  have  the  power 
to  deviate  from  what  is  for  them  natural,  normal,  or  right. 
Occasionally  they  make  use  of  such  power.     What  may  be 
the  causes  of,  or  the  motives  for,  such  transgression,  is  not 
here  the  question.     Enough  for  us  that  it  exists. 

We  now  come  to  a  part  of  the  subjedl  which,  though 
essential  to  our  argument,  we  cannot  enter  into  at  any 
length.  Do  brutes  invariably  obey  the  **law  of  their 
being"  as  regards  the  mutual  relations  of  the  sexes? 
Far  from  it.  The  nearer  brutes  approach  to  man,  the 
more  they  are  inclined  to  sin  against  what,  in  modern  cant- 
ology,  is  exclusively  styled  "  morality."  With  animals 
which  pair  conjugal  fidelity  is,  indeed,  more  general  than 
with  mankind.  A  petty  negro  chief  laughed  at  the  notion 
of  keeping  to  one  wife,  "  like  the  monkeys."  Still  it  is  far 
from  being  universal,  and  nowhere  are  exceptions  more 
frequently  found  than  among  pigeons,  which  with  a  rare 
depth  of  wicked  satire,  have  been  seledled  as  types  of  matri- 
monial faith. 


i875-]  Animal  Depravity.  427 

The  existence  of. hybrids  shows  a  departure  from  what 
nature  should  enjoin.  Such  beings  have  been  produced 
respedlively,  not  alone  between  the  horse  and  the  ass,  but 
between  the  horse  and  the  quagga,  the  horse  and  the  zebra, 
the  ass  and  the  zebra,  the  lion  and  the  tiger,  the  hare  and 
the  rabbit  (leporides),  and  between  a  great  variety  of  birds 
of  the  poultry,  pheasant,  grouse,  duck,  and  finch  groups. 
To  the  dismay  and  indignation  of  certain  theorists  some  of 
these  hybrids  are  capable  of  reproduction. 

It  has  been  objt^ed  that  these  instances  occur  only 
through  human  intervention.  This  is  by  no  means  the  fadt. 
Hybrids  between  distindl  species  of  grouse  have  been  met 
with  in  a  wild  state. 

Instances  of  hybridism  are  likewise  said  to  have  occurred 
between  animals  much  more  widely  remote  in  their  respec- 
tive natures.  Such  cases  are  doubtful,  and  are  certainly 
not  essential  to  our  argument.  But  intercourse  not  un- 
frequently  takes  place  between  animals  of  different  species 
where  no  offspring  has  been  positively  proved  to  result. 

Many  more  instances  of  brute  frailty  might  be  given 
were  it  needful  or  desirable. 

It  has  been  asserted  that  "  mere  brutes"  never  commit 
suicide.  This  is  a  wanton,  it  might  be  said  an  impudent, 
assumption.  If  a  negro,  sold  into  slavery,  refuses  food 
and  starves  himself  to  death,  as  sometimes  happened  in  the 
palmy  days  of  the  "  black  ivory- trade,"  men  say  that  he 
has  committed  suicide  rather  than  live  in  bondage ;  but  if 
an  animal,  bird,  or  reptile,  taken  away  from  its  native 
haunts  and  shut  up  in  a  cage,  persistently  refuses  food  and 
dies  in  consequence,  why  should  not  the  same  name  be 
applied  to  condudt  precisely  similar?  Yet  cases  of  this 
kind,  in  which  the  love  of  liberty  and  independence  asserts 
itself  in  flat  defiance  of  the  strongest  of  all  instindls  are  by 
tio  means  rare.  There  is  great  difficulty  in  inducing  some 
animals  to  eat  in  captivity,  even  if  supplied  with  the  very 
kind  of  food  which  they  seledl  when  at  large.  As  an 
^example,  we  may  mention  the  common  viper,  which  gener- 
ally starves  itself  to  death  in  captivity,  regardless  of  the 
ofifer  of  the  choicest  mice.  But  there  are  many  instances 
among  domestic  animals,  proving  that  life-weariness  and 
the  determination  to  end  miseries  in  a  sudden  manner  are 
not  confined  to  the  human  race. 

"  Suicide  by  a  Dog. — A  day  or  two  since  a  fine  dog,  belong- 
ing to  Mr.  George  Hone,  of  Frindsbury,  near  Rochester, 
committed  a  deliberate  adl  of  suicide  by  drowning  in  the 
jMedway,  at  Upnor,  Chatham.    The  dog  had  been  suspedled 
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of  having  given  indications  of  approaching  hydrophobia, 
and  was  accordingly  shunned  and  kept  as  much  as  possible 
from  the  house.  This  treatment  appeared  to  cause  him  much 
annoyance,  and  for  some  days  he  was  observed  to  be  moody 
and  morose.  On  Thursday  morning  he  proceeded  to  an  inti- 
mate acquaintance  of  his  master*s  at  Upnor,  on  reaching  the 
residence  of  whom,  he  set  up  a  piteous  cry  on  finding  that 
he  could  not  obtain  admittance.  After  waiting  at  the  house 
some  little  time,  he  was  seen  to  go  towards  the  river  close  by, 
when  he  deliberately  walked  down  the  bank,  and  after  turn- 
ing round  and  giving  a  kind  of  farewell  howl,  walked  into  the 
stream,  where  he  kept  his  head  under  water,  and  in  a  minute 
or  two  rolled  over  dead.  This  extraordinary  adt  of  suicide 
was  witnessed  by  several,  persons.  The  manner  of  the 
death  proved  pretty  clearly  that  the  animal  was  not  suffer- 
ing from  hydrophobia." — Daily  News. 

"  Suicide  of  a  Horse. — A  correspondent  writes  : — '  A  few 
flights  ago  a  poor  creature,  worn  to  skin  and  bone,  put  an 
end  to  his  existence  in  a  very  extraordinary  manner.  His 
pedigree  is  unknown,  as  he  was  quite  a  stranger.  A  very 
worthy  gentleman  here  met  him  in  a  public  market,  and 
thinking  he  could  find  employment  for  him,  put  him  to 
work,  but  it  was  soon  discovered  that  work  was  not  his 
forte ;  in  fadl,  he  would  do  anything  save  work  and  go 
errands.  His  great  delight  was  to  roam  about  the  fields 
and  do  mischief.  People  passing  him  used  to  ejaculate, 
"  Ugh,  you  ugly  brute,"  when  they  saw  the  scowl  which 
was  continually  on  his  face.  His  master  tried  to  win  him 
by  kindness.  The  kindness  was  lost  upon  him.  He  next 
tried  the  whip,  then  the  cudgel,  but  all  in  vain.  Work  he 
would  not.  And  as  a  last  resort  the  punishment  of  Nebu- 
chadnezzar of  old  was  tried.  He  was  turned  out,  "  but 
house  or  hauld,"  to  eat  grass  with  the  oxen.  With  hungry 
belly  and  broken  heart  he  wended  his  lonely  way  down  by 
the  Moor's  Shore,  passed  Luckyscaup,  turned  the  Moor's 
Point,  and  still  held  on  his  lonely  way,  regardless  of  the 
wondering  gaze  of  the  Pool  fishermen.  At  length  he  arrived 
at  a  point  opposite  the  wreck  of  the  Dalkousie,  where  he 
stood  still ;  and  while  the  curiosity  of  the  fishermen  was 
wound  to  the  highest  pitch  as  to  what  was  to  follow,  he, 
neighing  loudly  and  tossing  his  old  tail,  rushed  madly  into 
the  briny  deep,  got  beyond  his  depth,  held  his  head  under  the 
water,  and  soon  ceased  to  be.  The  fishermen  conveyed  the 
true,  although  strange  and  startling  tidings,  to  the  respedled 
owner,  that  his  horse  had  committed  suicide.'  ** — Dundee 
Advertiser. 
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There  are  several  other  authenticated  cases  on  record 
where  dogs  have  committed  suicide  by  drowning.  It  is  im- 
portant, as  showing  intention,  that  dogs  are  perfedlly  aware 
of  the  results  of  prolonged  immersion  in  water,  as  evinced 
by  their  so  frequently  rescuing  children  when  in  danger  of 
drowning.  Were  dead  brutes  honoured  with  a  searching 
investigation,  we  might  perhaps  find  such  instances  far 
more  frequent  than  we  suspedl.  They  have,  however,  scan- 
tier facilities  for  self-murder  than  man,  and  possibly  slighter 
temptations,  as  being  doubtless,  upon  the  whole,  less  miser- 
able. 

The  various  adlions  above  mentioned  are  all  departures 
from  the  normal  or  natural  conduft  of  the  species  concerned, 
and  of  course  lead  us  again  to  the  conclusion  that  brutes 
can  do  wrong,  and  if  wrong,  that  they  are  consequently  able 
also  to  do  right. 

Perhaps  it  may  be  argued  by  the  captious  that  though 
gluttony,  negledt  of  offspring,  suicide,  and  the  like,  are 
wrong  in  themselves,  and  are  hurtful  to  the  offending  ani-' 
mal  and  its  species,  yet  that  brutes  have  no  conscience,  and 
neither  feel  any  satisfaction  in  "  obeying  the  laws"  of  their 
nature  nor  any  remorse  upon  transgression.  To  this  we 
may  in  the  first  place  reply  with  a  tu  quoque — a  retort  for 
once  satisfadlory,  as  it  withdraws  the  pretended  distindlion. 
Man  does  not  appear  to  have  any  inborn  and  infallible 
knowledge  of  right  and  wrong.  His  vaunted  conscience, 
when  it  is  more  than  a  mere  figure  of  speech,  is  a  creature 
of  conventions  and  traditions.  There  is  no  vice,  no  crime 
even,  how  horrible  soever,  which  at  some  time  or  in  some 
part  of  the  world  man  has  not  practised  without  a  shadow 
of  self-reproach.  He  has  suffered,  indeed,  from  his  errors, 
but  no  more  than  the  brutes  does  he,  generally  speaking, 
trace  his  sufferings  to  their  true  causes.  Sir  J.  Lubbock 
states  in  his  "  Origin  of  Civilization"  that  after  inspecting 
nearly  all  existing  records  of  savage  life,  he  was  unable  to 
find  any  case  of  a  savage  having  evinced  remorse  after  the 
commission  of  any  crime. 

But,  on  the  other  hand,  does  man  really  know  that  brutes 
are  void  of  all  trace  of  conscience — that  they  feel  no  joy 
when  they  have  adled  aright,  and  no  sorrow  when  they  have 
done  amiss  ?  He  has  no  proof — merely  wanton  assumption. 
Fafts  prove  that  certain  animals  do  feel  shame,  sorrow,  or 
remorse,  when  they  have  departed  from  what  to  them  is  the 
standard  of  right ;  and  what  more  can  reasonably  or  fairly 
be  demanded  ? 

We  have  thus,  we  submit,  established  that  the  lower 
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animals  have  a  moral  life,  that  they  can  do  right  or  do  wrong, 
and  that  like  man  they  avail  themselves  of  their  power  to 
do  the  latter.  Surely  henceforth  a  fellow  feeling  ought  to 
make  him  wondrous  kind  to  them  all.  Community  in  vice, 
or  even  in  peccadillos,  has  always  been  a  wonderful  leveller 
of  distinctions. 


II.    THE  LONGEVITY  OF  BRAIN-WORKERS.* 
By  Georgb  M.  Beard,  A.M.,  M.D.,  New  York. 

HOMAS  Hughes,  in  his  life  of  "  Alfred  the  Great," 
makes  a  statement  that  "the  world's  hardest  workers 
and  noblest  benefactors  have  rarely  been  long-lived." 

That  any  intelligent  writer  of  the  present  day,  and  especi- 
ally a  writer  who,  like  Mr.  Hughes,  is  a  thoughtful  student 
of  mental  hygiene,  should  make  a  statement  so  absolutely  un- 
true, shows  how  hard  it  is  to  kill  an  old  superstition. 

The  remark  is  based  on  the  mischievous  theory,  which — 
against  the  clearest  evidence  of  general  observation — has 
been  held  for  centuries,  that  the  mind  can  be  used  only  at 
the  injurious  expense  of  the  body.  This  theory  has  been 
something  more  than  a  mere  popular  prejudice  ;  it  has  been 
a  professional  dogma,  and  has  inspired  nearly  all  the  writers 
on  hygiene  since  medicine  has  been  a  science.  On  the  basis 
of  this  theory,  intellectual  and  promising  youth  have  been 
dissuaded  from  entering  brain-working  professions ;  and 
thus,  much  of  the  choicest  genius  has  been  lost  to  the  world  ; 
students  in  college  have  abandoned  plans  of  life  to  which 
their  tastes  inclined,  and  gone  to  the  farm  or  workshop ; 
authors,  scientists,  and  investigators  in  the  several  profes- 
sions have  thrown  away  the  accumulated  experience  of  the 
best  half  of  life,  and  retired  to  pursuits  as  uncongenial  as 
they  were  profitless.  The  superstition,  for  it  hardly  deserves 
to  be  called  a  theory,  has  therefore  wrought  immense  evil 
specifically  by  depriving  the  world  of  the  services  of  some  of 
its  best  endowed  natures,  and  generally  by  fostering  a  habit 
of  accepting  statement  for  demonstration. 

*  Communicated    by  the  Author.     Read  before  The  American    Public 
Health  Association,  1874. 
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Between  1864  and  1866,  while  preparihg  a  thesis  for  gradu- 
ation, I  obtained  statistics  on  the  general  subjedl  of  the 
relation  of  occupation  to  health  and  longevity  that  convinced 
me  of  the  error  of  the  accepted  teachings  in  regard  to  the 
efFedt  of  mental  labour.  These  statistics,  which  were  derived 
from  the  registration  reports  of  this  country  and  of  England, 
and  from  a  study  of  the  lives  of  many  prominent  brain- 
workers,  were  incorporated  in  an  essay  on  the  subject  that 
was  delivered  befone  an  Association  of  Army  and  Navy 
Surgeons  in  New  Orleans  in  1863,  and  afterwards  published 
in  the  **  Hours  at  Home  "  Magazine.  The  views  I  then  ad- 
vocated, and  which  I  enforced  by  statistical  evidence,  were: — 

1st.  That  the  brain-working  classes — clergymen,  lawyers, 
physicians,  merchants,  scientistSj  and  men  of  letters^ — lived 
very  much  longer  than  the  muscle-working  classes. 

2nd.  That  those  who  followed  occupations  that  called  both 
muscle  and  brain  into  exercise,  were  longer  lived  than  those 
who  lived  in  occupations  that  were  purely  manual. 

3rd.  That  the  greatest  and  hardest  brain-workers  of  history 
have  lived  longer  on  the  average  than  brain-workers  of 
ordinary  ability  and  industry. 

4th.  That  clergymen  were  longer  lived  than  any  other 
great  class  of  brain-workers. 

5th.  That  longevity  increased  very  greatly  with  the  ad- 
vance of  civilisation  ;  and  that  this  increase  was  too  marked 
to  be  explained  merely  by  improved  sanitary  knowledge. 

6th.  That  although  nervous  diseases  increased  with  the 
increase  of  culture,  and  although  the  unequal  and  exces- 
sive excitements  and  anxieties  attendant  on  mental  occupa- 
tions of  a  high  civilisation  were  so  far  both  prejudicial  to 
health  and  longevity,  yet  these  incidental  evils  were  more 
than  counterbalanced  by  the  faft  that  fatal  inflammatory 
diseases  have  diminished  in  frequency  and  violence  in  pro- 
portion as  nervous  diseases  have  increased ;  and  also  thaf 
brain-work  is,  per  se,  healthful  and  conducive  to  longevity. 

Many  of  these  views  have  since  received  various  and 
powerful  confirmation,  and  by  a  number  of  independent 
observers.*  The  statistics  on  this  subjedt  I  have  endeavoured 

*  Those  who  desire  to  obtain  the  detailed  fadts  on  this  subje<ft  are  referred  to 
my  Essay  in  "  Hours  at  Home"  (OA.,  1867) ;  to  my  series  of  papers  on  **  Hygiene 
for  Students,"  in  the  ••College  Courant"  (1869);  to  my  •*  Home  Physician,"  p. 
3S0;  to  Dr.  Derby's  ••Registration  Reports  of  Massachusetts"  and  Farr's 
•*  Registration  Reports  of  England  "  (Supplement  to  22nd) ;  to  Dr.  Edw^ird  Jar- 
vis's  Papers  on  the  *•  Increase  of  Human  Life,"  in  ••Atlantic  Monthly"  (Oft., 
Nov.,  and  Dec,  1869);  to  Dr.  Elam's  "Physician's  Problems;"  Hon.  B.  G. 
Northrup's  **  Report  of  the  Connedicut  Board  of  Education  '*  (1869,  pp.  61-74) ; 
and  to  the  ••  Reports  of  the  Life  Insurance  Company  for  Clergymen  "  (Bible 
House,  N.  Y.). 
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to  use  without  abusing  them ;  to  draw  from  them  only  those 
lessons  that  they  are  really  capable  of  teaching.  Among 
those  classes  who  live  mainly  by  routine  and  muscular  toil 
(mechanics,  artisans,  labourers,  &c.)  change  of  occupation 
is  the  rule  rather  than  the  exception,  especially  in  this 
country ;  and  any  statistics  of  mortality  derived  from  the 
Registration  Reports,  are,  so  far  as  these  classes  are  con- 
cerned, of  but  little  value  in  the  study  of  the  relative  ejffedls 
of  the  different  occupations  on  health  and  longevity.  Another 
important  complication  arises  from  the  fa<5t  that  certain 
occupations,  as  clerkships,  positions  in  factories,  teaching, 
&c.,  are  followed  almost  exclusively  by  the  young  and  middle- 
aged  ;  while  other  callings,  as  judgeships,  are  filled  only  by 
those  in  middle  and  advanced  life.  Another  difficulty  arises 
from  the  fadt  that  some  important  occupations,  as  journalism, 
for  example,  are  adopted  only  by  a  limited  number ;  and  the 
number  in  them  who  annually  die  is  too  small  to  afford  any 
basis  for  comparison.  But  this  generalisation  is,  I  am  per- 
suaded, admissible,  that  the  greater  majority  of  those  who 
die  in  any  one  of  the  three  great  professions — law,  theology, 
and  medicine — have,  all  their  lives,  from  twenty -one  upwards, 
followed  that  profession  in  which  they  died.  The  converse 
generalisation,  that  the  great  majority  of  those  who  die  in 
the  muscle-working  avocations  have  all  their  lives  followed 
some  kindof  muscle-working  employment,  however  frequently 
they  may  have  changed  from  one  to  another  at  different 
periods,  is  also  true.  Very  few  who  once  fairly  enter  theo- 
logy, medicine,  or  law  ever  permanently  change  to  a  purely 
physical  calling;  and,  on  the  other  hand,  the  number  of 
those  who  begin  life  as  farmers,  labourers,  and  mechanics, 
and  end  it  as  lawyers,  physicians,  or  clergymen,  is  quite 
limited,  even  in  the  United  States,  where  every  man  has  a 
better  chance  to  follow  the  bent  of  his  genius  than  in  any 
other  country. 

A  comparison,  therefore,  of  the  longevity  of  the  profes- 
sional and  of  the  muscle-working  classes,  as  derived  from 
Registration  Reports,  such  as  I  have  made,  is  quite  justifi- 
able. The  value  of  this  comparison  would  be  vitiated  if  it 
could  be  proved  that  those  who  enter  the  professions  are 
originally  healthier  and  stronger,  and  come  from  better  stock, 
than  those  who  enter  physical  avocations ;  but  in  this  coun- 
try the  practice  has  been  to  allow  the  more  delicate  members 
of  a  family  to  enter  a  profession,  whilst  the  tough  and  hardy 
work  on  the  farm  or  learn  a  trade.  Here,  as  in  Europe, 
there  is  growing  up  a  distin<ftively  intelledtual  class  who  live 
solely  by  brain-work;  it  is,  however,  not  from  this  class  alone, 
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but  from  the  farming,  mercantile,  and  artisan  class^  that  the 
ranks  of  the  professions  are  filled. 

Great  Longevity  of  Great  Men. — I  have  ascertained  the 
longevity  of  five  hundred  of  the  greatest  men  in  history. 
The  list  I  prepared  includes  a  large  proportion -of  the  most 
eminent  names  in  all  the  departments  of  thought  and 
adlivity. 

It  would  be  difficult  to  find  more  than  two  or  three  hun- 
dred illustrious  poets,  philosophers,  authors,  scientists,, 
lawyers,  statesmen,  generals,  physicians,  inventors,  musi- 
cians,, adtors,  orators,  or  philanthropists^  of  world-wide  and 
immortal  fame,  and  whose  lives  are  known  in  sufficient 
detail,  that  are  not  represented  in  the  list.  My  list  was 
prepared,  not  for  the  average  longevity,  but  in  order  to 
determine  at  what  time  of  life  men  do  their  best  work.  It 
was,  therefore,  prepared  with  absolute  impartiality ;  and  in- 
cludes, of  course,  those  who,  like  Byron^  Raphael,  Pascal, 
Mozart,  Keats,  &c.,  died  comparatively  young.  Now  the 
average  age  of  those  I  have  mentioned  I  found  to  be  64'20. 

The  average  age  at  death  at  the  present  time  of  all  classes 
of  those  who  live  over  twenty  years  is  about  fifty.  There- 
fore, the  greatest  men  of  the  world  have  lived  longer,  on  the 
average,  than  men  of  ordinary  ability  in  the  different  occu- 
pations by  fourteen  years ;  six  years  longer  than  physicians 
and  lawyers ;  nineteen  or  twenty  years  longer  than  mechanics 
and  day  labourers ;  from  two  to  three  years  longer  than 
farmers ;  and  a  fraction  of  a  year  longer  than  clergymen, 
who  are  the  longest-lived  class  in  our  modem  society.  The 
value  of  this  comparison  is  enforced  by  the  consideration 
that  longevity  has  increased  with  the  progress  of  civilisa- 
tion, while  the  list  I  prepared  represents  every  age  of  recorded 
history.  A  few  years  since  I  arranged  a  seledt  list  of  one 
hundred  names,  comprising  the  most  eminent  personages, 
and  found  that  the  average  longevity  was  over  seventy  years. 
Such  an  investigation  any  one  can  pursue ;  and  I  am  sure 
that  any  chronology,  comprising  from  one  to  five  hundred  of 
the  most  eminent  personages  in  history,  at  any  cycle,  will 
furnish  an  average  longevity  of  from  sixty-four  to  seventy 
years.  Madden,  in  his  very  interesting  work,  "  The  Infirmi- 
ties of  Genius,"  gives  a  list  of  two  hundi'ed  and  forty 
illustrious  names,  with  their  ages  at  death.  The  average  I 
found  to  be  sixty-six  and  a  fraction. 

In  view  of  these  fadts,  it  may  be  regarded  as  established 
that  *'the  world's  hardest  workers  and  noblest  benefadtors  " 
have  usually  been  very  long  lived. 


434  Longevity  of  Brain-Workers^  [Odlober, 

Causes  of  the  Great  Longevity  of  Brain-Workers. 

The  full  explanation  of  the  superior  longevity  of  the  brain- 
working  classes  would  require  a  treatise  on  the  science  of 
sociology,  and  particularly  of  the  relation  of  civilisation  to 
health.  The  leading  fadlors,  accounting  for  the  long  life  of 
those  who  live  by  brain-labour,  are  as  follows  : — 

I*  The  inherent  and  essential  heaWifulness  of  brain-WQrk.  To 
work  is  to  grow;  and  growth,  except  it  be  forced,  is  always 
healthful.  It  is  as  much  the  fundtion  of  the  brain  to  cere- 
brate as  of  the  stomach  to  digest ;  and  cerebration^  like 
digestion,  is  normal,  physiological,  and  healthful.  In  all 
organisations  of  force  the  exercise  of  force  develops  more 
force ;  work  evolves  strength  for  work.  A  plant  that  is 
suffered  to  bud  and  bloom  is  more  sturdy  and  longer  lived 
than  the  plant  that  is  kept  from  the  light  or  trimmed  of  all 
its  blossoms.  By  thinking,  we  gain  the  power  to  think; 
fundlional  activity,  within  limits,  tends  to  vigour  and  the 
self-preservation  of  an  organ  and  of  the  body  to  which  thq 
organ  belongs.  The  world  has  been  taught  that  the  brain 
can  be  developed  only  at  the  expense  of  the  other  organs  of 
the  body ;  granting  that  brain-work  strengthens  the  brain 
itself,  the  rest  of  the  body  is  impoverished  thereby — hence 
disease,  and  early  death.  But  recent  investigations  in 
cerebro-physiology  seem  to  indicate  that  the  centres  of 
thought  in  the  anterior  region  of  the  brain  are  also  the 
centres  of  muscular  motion  ;  and  hence  it  may  perhaps  be 
inferred  that  to  develop  the  brain  may  be  one  method  of 
developing  the  muscles.*  Ic  is  certain  that  the  brain-working 
classes  are,  on  the  average,  well  developed  muscularly ;  and 
in  size  and  weight  are  superior  to  the  purely  muscle-working 
classes. 

2.  Brain-workers  have  less  worry,  and  more  comfort  and 
happiness,  than  muscle-workers >  Worry  is  the  converse  of 
work ;  the  one  develops  force,  and  the  other  checks  its 
development,  and  wastes  what  already  exists.  Work  is 
growth  ;  worry  is  interference  with  growth.  Worry  is  to 
work  what  the  chafing  of  a  plant  against  the  walls  of  a 

•  I  here  refer  to  the  experiments  of  Hitzig,  of  Berlin,  in  the  eleArical 
irritation  of  the  brains  of  living  animals.  These  experiments  have  been  con- 
firmed by  a  variety  of  experiments  undertaken  by  Ferrier,  of  London,  by 
myself,  and  other  observers.  I  use  the  word  centre,  in  an  experimental  sense ; 
and  the  above  theory  of  the  relation  and  definition  of  the  thought  centres,  and 
muscle  centres,  is  merely  a  provisional  suggestion.  (See  "Archives  of  Eledro- 
logy  and  Neurology,"  May,  1874,  for  a  record  of  my  own  experiments,  with 
remarks,  and  also  a  general  resume  of  fads). 
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greenhouse  is  to  limitless  expansion  in  the  free  air.  In  the 
successful  braiji-worker  worry  is  transferred  into  work ;  in 
the  muscle-worker,  work  too  often  degrades  into  worry. 
Brain-work  is  the  highest  of  all  antidotes  to  worry ;  and  the 
brain-working  classes  are  therefore  less  distressed  about  many 
things,  less  apprehensive  of  indefinite  evil,  and  less  disposed 
to  magnify  minute  trials,  than  those  who  live  by  the  labour 
of  the  hands.  To  the  happy  brain-worker,  life  is  a  long 
vacation ;  while  the  muscle-worker  often  finds  no  joy  in  his 
daily  toil,  and  very  little  in  the  intervals.  Scientists,  physi- 
cians, lawyers,  clergymen,  orators,  statesmen,  literati,  and 
merchants,  when  successful,  are  happy  in  their  work,  without 
reference  to  the  reward,  and  continue  to  work  in  their 
special  callings  long  after  the  necessity  has  ceased.  Where 
is  the  hod  carrier  that  finds  joy  in  going  up  and  down  a 
ladder ;  and,  from  the  foundation  of  the  globe  until  now,  how 
many  have  been  known  to  persist  in  ditch-digging,  or  sewer- 
laying,  or  in  any  mechanical  or  manual  calling  whatsoever, 
after  the  attainment  of  independence  ?  Good  fortune  gives 
good  health.  Nearly  all  the  money  of  the  world  is  in  the 
hands  of  brain-workers-;  to  many,  in  moderate  amounts,  it 
is  essential  to  life,  and  in  large  or  comfortable  amount  it 
favours  long  life.  Longevity  is  the  daughter  of  luxury.  Of 
the  many  elements  that  make  up  happiness,  mental  organi- 
sation, physical  health,  fancy,  friends,*  and  money — the  last 
is,  for  the  average  man,  greater  than  any  other,  except  the 
first.  Loss  of  money  costs  more  lives  than  the  loss  of 
friends,  for  it  is  easier  to  find  a  friend  than  a  fortune.  Al- 
most all  muscle- workers  are  born,  live,  and  die  poor.  To 
live  on  the  slippery  path  that  lies  between  extreme  poverty 
on  one  side,  and  the  gulf  of  starvation  on  the  other ;  to  take 
continual  thought  of  to-morrow,  without  any  good  result  of 
such  thought;  to  feel  each  anxious  hour  that  the  dreary 
treadmill  by  which  we  secure  the  means  of  sustenance  for  a 
hungry  household  may,  without  warning,  be  closed  by  any 
number  of  forces,  over  which  one  has  no  control ;  to  double 
and  triple  all  the  horrors  of  want  and  pain,  by  anticipation 
and  rumination, — such  is  the  life  of  the  muscle-working 
classes  of  modern  civilised  society ;  and  when  we  add  to  this 
the  cankering  annoyance  that  arises  from  the  envying  of  the 
fortunate  brain-worker  who  lives  in  ease  before  his  eyes,  we 

*  I  do  not  here  refer  to  accumulated  wealth  exclusively,  but  to  income  or 
sufficient  amount  to  ]Airchase  comforts  and  luxury.  Many  persons  (and 
notably  successful  professional  men),  live  out  their  days  in  comfort  and 
luxury,  although  they  never  succeed  in  accumulating  fortunes ;  to  them,  their 
reputation  is  wealth  and  capital. 
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marvel  not  that  he  dies  young,  but  rather  that  he  lives  at 
all.* 

3.  Brain-workers  live  under  better  sanitary  conditions  than 
muscle-workers.  They  have  better  food  and  drink,  warmer 
clothing,  breathe  purer  air,  and  are  less  exposed  to  fatal  acci- 
dent and  the  poison  of  disease.  None  of  the  occupations 
are  ideal ;  none  fulfil  all  the  laws  of  health ;  but  the  muscle- 
working  callings  are  all  more  or  less  unhealthy ;  tradesmen, 
artisans,  common  labourers,  and  even  farmers  (who  combine 
muscle  with  brain-work),  all  are  forced  to  violate  sanitary 
law  every  hour  of  their  lives;  not  one  out  of  ten  have 
enough  good  food ;  many  are  driven  by  passion  and  hunger 
to  excess  in  the  worst  forms  of  alcoholic  liquors ;  for  a  large 
number  sleep  is  a  luxury  of  which  they  never  have  suffi- 
cient for  real  recuperation ;  healthful  air  is  but  rarely  breathed 
by  the  labouring  classes  of  any  large  city;  exposure  to  weather, 
that  brings  on  fatal  inflammatory  diseases ;  accidents  that 
crippleorkill — in  all  these  respe(5ts,  the  muscle- worker,  as  com- 
pared with  the  brain-worker,  is  at  stupendous  disadvantage. 

4.  The  nervous  temperament,  which  usually  predominates  in 
brain-workers,  is  antagonistic  to  fatal,  acute,  inflammatory 
disease,  and  favourable  to  long  life.  Comparative  statistics 
have  shown,  that  those  in  whom  the  nervous  temperament 
prevails  live  longer  than  those  in  whom  any  one  of  the  other 
temperaments  prevail,  and  common  observation  confirms 
the  statement.  Nervous  people,  if  not  too  feeble,  may  die 
every  day.  They  live,  but  they  do  not  die;  they  talk  of 
death,  and  each  day  expe(5t  it,  and  yet  they  live.  Many  of 
the  most  annoying  nervous  diseases,  especially  of  the  func- 
tional, and  some  even  of  the  structural  varieties,  do  not 
rapidly  destroy  life,  and  are  indeed  consistent  with  great 
longevity.  I  have  known  a  number  of  men  and  women  who 
were  nervous  invalids  for  half  a  century  or  more,  and  died 
at  an  advanced  age.  It  is  one  of  the  compensations  of 
nervousness  that  it  protects  the  system  against  those  febrile 
and  inflammatory  diseases  that  are  so  rapidly  fatal. to  the 
sanguine  and  the  phlegmatic.  The  nervous  man  can  expose 
himself  to  malaria,  to  cold  and  dampness,  with  less  danger 
of  disease,  and  with  less  danger  of  death  if  he  should  contract 
disease,  than  his  tough  and  hardy  brother.  This  was  shown 
in  the  late  war,  when  delicate,  ensanguined  youth,  followed 
by  the  fears  of  friends,  went  forth  to  camp  and  battle,  and 

*  Those  who  question  the  truth  of  the  above  pidure,  are  referred  to  any  of 
the  recently  published  essays  and  treatises  on  the  coadition  of  the  peasantry 
of  England.  Observations  show,  that  in  our  own  country,  not  only  in  large 
cities,  but  in  all  manufaduring  towns,  and  even  in  farming  distrids,  the  labour- 
ing classes  are  as  badly  circumstanced  as  I  have  stated. 
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not  only  survived,  but  grew  stout  amid  exposures  that  pros- 
trated by  thousands  the  lumbermen  of  Maine,  and  the  sons 
of  the  plough  and  the  anvil.  In  the  conflict  with  fevers  and 
inflammations,  strength  is  often  weakness,  and  weakness 
becomes  strength — we  are  saved  through  debility.  Still 
further,  my  studies  have  shown  that,  of  distindtively  nervous 
diseases,  those  which  have  the  worst  pathology  and  are  the 
most  hopeless,  such  as  locomotor  ataxia,  progressive  muscu- 
lar atrophy,  apoplexy  with  hemiplegia,  and  so  on,  are  more 
common  and  more  severe,  and  more  fatal  among  the  com- 
paratively strong  and  tough  than  among  the  most  delicate 
and  finely  organised.*  Cancer,  even,  goes  hardest  with  the 
hardy,  and  is  most  relievable  in  the  nervous. 

5.  Brain-workers  can  adapt  their  labour  to  their  moods  and 
hours  and  periods  of  greatest  capacity  for  labour  better  than 
muscle-workers.  In  nearly  all  intellectual  employments  there 
is  large  liberty ;  literary  and  professional  men  especially 
are  so  far  masters  of  their  time  that  they  can  sele(Sl  the  hours 
and  days  for  their  most  exacting  and  important  work ;  and 
when  from  any  cause  indisposed  to  hard  thinking,  can  rest 
and  recreate,  or  limit  themselves  to  mechanical  details. 
Thus,  there  is  less  of  the  dreadful  in  their  lives ;  they  work 
when  work  is  easy,  when  the  desire  and  the  power  are  in 
harmony;  and,  unlike  their  less  fortunate  brother  in  the 
mill  or  shop,  or  diggings,  Heed  not  waste  their  force  in 
urging  themselves  to  work.  Forced  labour,  against  the  grain 
of  one's  nature,  is  always  as  expensive  as  it  is  unsatisfa(Slory ; 
it  tells  on  the  health  and  on  life.  Even  coarser  natures  have 
their  moods,  and  the  choicest  spirits  are  governed  by  them  ; 
and  they  who  worship  their  moods  do  most  wisely,  and 
those  who  are  able  to  do  so  are  the  fortunate  ones  of  the 
earth. 

Again,  brain-workers  do  their  best  work  between  the  ages 
of  twenty-five  and  forty-five ;  before  that  period  they  are 
preparing  to  work  ;  after  that  period,  work,  however  exten- 
sive it  may  be,  becomes  largely  a  matter  of  routine. 
Lawyers  and  physicians  do  much  of  their  pra(Slice  after 
forty ;  but  to  pradtice  is  easy,  to  learn  is  hard — and  the 
learning  is  done  before  forty  or  forty-five.  In  all  dire(5tions, 
the  French  motto  holds  tru^  **  It  is  the  first  step  that 
costs."  Successful  merchants  lay  the  foundations  of  fortune 
in  youth  and  middle  life,  to  accumulate,  and  recreate,  and 
take  one's  ease  in  old  age ;  thus  they  make  the  most  when 

*  In  my  paper  on  **  Spinal  Congestion  and  Locomotor  Ataxia,"  in  the 
**  Philadelphia  Medical  Times  "  for  January  24  and  31, 1874, 1  have  discussed 
this  point  in  some  detail. 
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they  are  doing  the  least,  and  only  become  rich  after  they 
have  ceased  trying  to  be  so.* 

With  muscle-workers  there  is  but  little  accumulation, 
and  only  a  limited  increase  of  reward ;  and  in  old  age,  after 
their  strength  has  begun  to  decline,  they  must,  with  increas- 
ing expense,  work  even  harder  than  before. 

To  this  should  be  added  the  consideration  that  manual 
employments  cost  as  much  force  after  they  are  learned  as 
before  ;  they  can  never,  like  many  intelledlual  callings, 
become  so  far  forth  matters  of  routine  as  to  require  little 
effort.  It  is  as  hard  to  lay  a  stone  wall  after  one  has  been 
laying  it  fifty  years  as  during  the  first  year.  The  range  of 
muscular  growth  and  development  is  narrow,  compared 
with  the  range  of  mental  growth ;  the  day-labourer  soon 
reaches  the  maximum  of  his  strength.  Thejiterar>"  or 
scientific  worker  goes  on  from  strength  to  strength,  until 
what  at  twenty-five  was  impossible,  and  at  thirty  difficult, 
at  thirty-five  becomes  easy,  and  at  forty  a  pastime ;  and 
besides  he  has  the  satisfaction  that  the  work  done  so  easily 
at  thirty-five  and  forty  is  incomparably  better  than  the  work 
done  with  so  much  difficulty  at  twenty-five. 

6.  Comparative  longevity  of  the  professions.  Inasmuch  as 
professional  men  do  not  usually  change  their  callings,  but 
die  in  the  special  profession  in  which  they  have  lived,  the  vital 
statistics,  at  least  of  lawyers,  physicians,  and  clergymen, 
become  of  value  in  determining  their  comparative  longevity. 
I  found  in  my  researches,  made  several  years  ago,  that  lawyers 
and  physicians  lived  to  be  about  fifty-seven  or  fifty-eight. 
The  difference  in  the  longevity  of  lawyers  and  physicians  is 
but  trifling.  My  observations  in  this  respeft  have  been 
variously  confirmed  by  other  statisticians.t 

Longevity  of  the  Precociotis. 

That  precocity  predicts  short  life,  and  is  therefore  a  symp- 
tom greatly  to  be  feared  by  parents,  has,  I  believe,  never 

♦  The  whole  subjeA  of  *'  The  Relation  of  Age  to  Work,"  I  have  discussed 
in  my  pamphlet  on  **  Legal  Responsibility  in  Old  Age,"  to  which  I  may  refer 
those  who  are  interested  in  the  subjed.  What  is  there  written  is  preliminary 
to  an  exhaustive  treatise  now  in  the  course  of  preparation. 

t  "  An  investigation  made  by  a  Berlin  physician  into  the  fads  and  data 
relating  to  human  longevity  shows  the  average  age  of  clergymen  to  be  65  ;  of 
merchants,  62 ;  clerks  and  farmers,  61 ;  military  men,  59 ;  lawyers,  58 ;  artists, 
57  ;  and  medical  men,  56.  Statistics  are  given  showing  that  medical  men  in 
England  stand  high  in  the  scale  of  longevity.  Thus,  the  united  ages  of  28 
physicians  who  died  there  last  year,  amount  to  2354  years,  giving  an  average 
of  more  than  84  years  to  each.  The  youngest  of  the  number  was  80 ;  the 
oldest,  93  ;  two  others  were  92  and  89  respedively ;  three  were  87  ;  and  four 
were  86  each  ;  and  there  were  also  more  than  50  who  averaged  from  74  to  75 
years." 
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been  questioned.  In  poetry  and  in  science,  the  idea  has 
been  variously  incorporated  that  early  brilliancy  is  a  sure 
indication  of  a  feeble  constitution  and  an  early  death.  This 
view  is  apparently  sustained  by  analogy,  and  by  fadts  of 
observation.  Plants  that  are  soon  to  bloom  are  soon  to 
fade ;  those  which  grow  slowly  live  long  and  decline  slowly. 
Observing  these  fadls,  we  naturally  adhere  to  the  opinion 
that  the  same  principle  should  hold  good  as  regards  men, 
but  in  making  the  analogy  we  forget  that  it  loses  its  force, 
unless  the  objedls  implicated  start  in  life  with  the  same 
potential  force  and  are  surrounded  by  the  same  external 
conditions.  It  is  probable  that,  of  two  individuals  with  pre- 
cisely similar  organisations  and  under  similar  circumstances, 
the  one  that  develops  earlier  will  be  the  first  to  die ;  but  we 
are  not  born  equally  endowed  and  similarly  circumstanced. 
Not  only  are  men  unlike  in  organisation,  but  they  are  very 
widely  unlike ;  between  the  brain  of  Shakspeare  and  the 
brain  of  an  idiot  is  a  measureless  gulf,  and  we  may  believe 
that  difference  of  degrees  may  be  found  between  the  greatest 
and  simply  great  men.  We  may  believe  that  some  are 
bom  with  far  more  potential  nervous  force  than  others. 
They  are  millionaires  in  intelledt  as  well  as  in  money,  who 
can  afford  to  expend  enormous  means  without  becoming 
impoverished.  An  outlay  of  one  hundred  dollars  may  ruin 
the  mechanic  working  for  his  daily  wages,  while  the  royal 
merchant  may  spend  a  thousand,  and  barely  know  it.  There 
are  those  who  can  begin  their  life-work  earlier,  toil  harder 
and  longer,  than  the  average,  and  yet  attain  a  very  great 
age.  The  average  age  of  500  illustrious  men,  including 
those  who  did  not  exhibit  any  special  precocity,  was  about 
64*20.  Of  these  500  individuals,  among  whom  there  were 
25  women,  150  were  decidedly  precocious,  and  their  average 
age  was  66*50,  or  more  than  two  years  higher  than  that  of 
the  list  of  500,  that  included  the  precocious  and  non-pre- 
cocious. So  far  as  I  could  ascertain,  the  instances  of  extra- 
ordinary longevity  were  as  great  among^  the  precocious  as 
among  those  who  were  not.*  My  investigations  in  this 
department  fully  confirm  the  remark  of  Wieland,  that  "  an 
almost  irresistible  impulse  to  the  art  in  which  they  are 

*  A  contributor  to  the  "  Galaxy"  for  August  (G.  W.  Wintcrburn)  thus  dis- 
courses concerning  musical  prodigies.  Investigating  the  records  of  the  past 
two  centuries,  he  nnds  213  recorded  cases  of  acknowledged  prodigies.  None 
of  them  died  before  their  15th  year,  some  attained  the  age  of  103 — and  the 
average  duration  of  life  was  58-— showing  that  with  all  their  abnormal  preco- 
city, they  exceeded  the  ordinary  longevity  by  about  6  per  cent.  Those  who 
died  before  the  age  of  21  were,  without  exception,  musicians  of  the  very  high- 
est order. 
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destined  to  excel  manifests  itself  in  future  virtuosi — in  poets, 
painters,  &c.,  from  their  earliest  youth." 

Not  only  in  poetry  and  painting,  but  also  in  philosophy, 
in  science,  and  in  invention — indeed,  in  every  great  depart- 
ment in  which  human  nature  has  displayed  itself — it  is  true, 
as  Milton  beautifully  remarks,  **  Childhood  shows  the  man, 
as  morning  shows  the  day." 

Madder,  in  his  "  Infirmities  of  Genius,"  says  that  "John- 
son is  indeed  of  the  opinion  that  the  early  years  of  dis- 
tinguished men,  when  minutely  traced,  furnish  evidence  of 
the  same  vigour  or  originality  of  mind  by  which  they  are 
celebrated  in  after-life." 

The  more  closely  I  study  biography,  the  more  strongly  I 
become  convinced  that  the  number  of  really  illustrious 
geniuses  who  did  not  give  early  manifestations  of  their 
genius  is  very  limited.  I  do  not  forget  that  some  of  the 
currently-reported  exceptions  are  very  striking.  Thus  we 
are  told  that  Chalmers  at  school  was  stupid  and  mischiev- 
ous ;  that  Adam  Clarke,  as  a  boy,  could  do  nothing  but  roll 
huge  stones  about ;  that  of  Sir  Walter  Scott,  his  teacher. 
Professor  Dalzell,  frankly  said — "  Dunce  he  was  and  dunce 
he  would  remain  ;"  that  Bums,  though  a  good  athlete, 
showed,  in  his  boyhood,  no  unusual  gifts ;  that  Goldsmith 
was  "  a  plant  that  flowered  late ;"  that  John  Howard,  and 
Napoleon,  and  Wellington  were,  to  say  the  least,  but  little 
remarkable  at  school ;  and  that  the  father  of  Isaac  Barrow 
is  reported  to  have  said  that  "  if  it  pleased  God  to  take 
away  any  of  his  sons,  he  prayed  that  it  might  be  his  son 
Isaac,  as  being  the  least  promising  of  them  all." 

These  exceptions,  apparent  and  real,  may  be  explained  in 
two  ways : — 

1st.  The  stupidity  attributed  to  men  of  genius  may  be 
really  the  stupidity  of  their  parents,  guardians,  and  bio- 
graphers. 

Men  are  precocious,  if  they  are  precocious  at  all,  in  the 
line  of  their  genius.  It  is  observed,  as  Wieland  has  stated, 
that  almost  all  artists  and  musicians  are  recorded  as  preco- 
cious, the  exceptions  being  very  rare.  Music  and  drawing 
appeal  to  the  senses,  attra(5t  attention,  and  are  therefore 
appreciated,  or  at  least  observed  by  the  most  stupid  parents, 
and  noted  even  in  the  most  superficial  biographies.  Philo- 
sophic and  scientific  thought,  on  the  contrary,  does  not  at 
once,  perhaps  may  never,  reveal  itself  to  the  senses — it  is 
locked  up  in  the  cerebral  qells.  In  the  brain  of  that  dull, 
pale  youth,  who  is  kicked  for  his  stupidity  and  laughed  at 
for  his  absent-mindedness,  grand  thoughts  may  be  silently 
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growing ;  the  plant  which  to-day  looks  stunted  and  dwarfed 
may  hereafter  quicken  into  life,  rise  into  strength  and  beauty 
— to  give  fruit  and  shade  to  many  generations.  Scott,  for 
example,  though  he  stood  low  in  his  class  at  school,  yet 
very  early  exhibited  genius  as  an  inventor  and  narrator  of 
**  tales  of  knight-erranty,  and  battle,  and  enchantments." 

Newton,  according  to  his  own  account,  was  very  inatten- 
tive to  his  studies  and  low  in  his  class,  but  a  great  adept 
at  kite  flying,  with  paper  lanterns  attached  to  them,  to 
terrify  the  country  people,  of  a  dark  night,  with  the  appear- 
ance of  comets ;  and  when  sent  to  market  with  the  produce 
of  his  mother's  farm,  was  apt  to  negledl  his  business,  and 
to  ruminate  at  an  inn  over  the  laws  of  Kepler. 

It  is  fair  to  infer  that  the  stupidity  attributed  to  many 
other  distinguished  geniuses  may  be  similarly  explained. 
This  belief  is  enforced  by  the  consideration  that  many,  per- 
haps the  majority,  of  the  greatest  thinkers  of  the  world 
seemed  dull,  inane,  and  stupid  to  their  neighbours,  not  only 
in  childhood,  but  through  their  whole  lives.  The  brains  as 
well  as  the  muscles  of  men  differ  in  the  times  of  their  growth. 
Of  a  dozen  individuals  of  the  same  endowments  and  external 
conditions  some  will  ripen  early,  others  late.  This  is 
observed  in  colleges,  where  some  who  take  the  lead  in  every- 
thing make  no  further  progress  in  after  life.  They  "  strike 
12  the  first  time."  Others  who,  between  15  and  25,  are  dul- 
lards, between  25  and  40  develop  great  powers. 

It  is  probable,  however,  that  nearly  all  cases  of  apparent 
stupidity,  in  young  geniuses,  are  to  be  explained  by  the  want 
of  circumstances  favourable  to  the  display  of  their  peculiar 
powers,  or  to  a  lack  of  appreciation  or  discernment  on  the 
part  of  their  friends.  It  is  very  difficult  to  find  any  college 
graduate  of  remarkable  ability  who  did  not,  during  his  colle- 
giate course,  in  some  way  manifest  the  germs  of  that  ability, 
but  there  are  many  who  fail  in  the  prescribed  routine  of 
studies  in  the  race  for  literary  honours,  who  yet,  in  some 
department  or  other,  do  attain  distinction.  As  compared 
with  the  world,  the  most  liberal  curriculum  is  narrow ;  to  one 
avenue  of  distinction  that  college  opens  the  world  opens  ten. 
In  order  to  learn  the  material  of  which  a  college  class  is 
made,  it  is  necessary  not  only  to  look  at  the  marks  on  the 
tutor's  book  and  scan  the  prize  list  of  the  societies,  but  also 
to  go  out  on  the  ball  ground  and  down  the  river — we  must 
mingle  in  the  evening  carousal  and  study  the  social  life  of 
the  students  in  their  rooms,  or  their  walks,  and  in  vacation. 

Whether  we  regard  those  general  considerations  or  not, 
the  statistical  faCt  remains  that,  in  spite  of  the  incomplete- 
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ness  of  biographies,  and  the  ignorance  of  parents  and 
teachers,  a  very  considerable  proportion  of  the  greatest  geniuses 
of  the  world  are  known  to  have  been  as  remarkable  in  their  pre- 
cocity  as  in  their  genius ;  and  in  spite  of  this  precocity  were 
exceedingly  long-lived. 

Great  precocity,  like  great  genius,  is  rare.  Although  I 
have  known  but  few  children  whom  fond  parents  did  not  at 
some  time  believe  to  be  more  or  less  superior  to  the  average, 
yet  I  do  not  remember  that  I  ever  saw  a  very  precocious 
child.  There  is  in  some  children  a  petty  and  morbid  smarts 
ness  that  is  sometimes  mistaken  for  precocity,  but  which 
in  truth  does  not  deserve  that  distinction. 

The  manifestation  of  genius  in  childhood  is  as  normal 
and  as  healthful  as  its  manifestation  in  maturity ;  but  in 
childhood,  as  in  extreme  old  age,  the  effedls  of  overtaxing 
the  powers  are  more  severely  felt  than  in  maturity.  Petty 
smartness  is  oftentimes  a  morbid  symptom  ;  it  comes  from 
a  diseased  brain,  or  from  a  brain  in  which  a  grave  predispo^ 
sition  to  disease  exists.  Such  children  may  die  young, 
whether  they  do  or  do  not  early  exhibit  unusual  quickness. 

The  morbidly  precocious  soon  wear  themselves  out,  early 
find  their  level,  and  in  after  life  are  stupid  or  ordinary  ;  the 
normally  physiologically  precocious  go  on  from  strength  to 
strength,  and  do  not  reach  their  maximum  until  between 
thirty  and  forty ;  and  live  longer  and  are  capable  of  work- 
ing harder  than  those  of  average  gifts.  There  have  been 
noted  and  oft-quoted  instances  where  the  precocious 
geniuses  have  died  in  early  manhood,  or  just  at  reaching 
the  maximum  of  their  strength,  between  thirty  and  forty. 
The  names  of  Pascal,  Mozart,  Keats,  will  be  at  once 
recalled.  But  we  forget  the  infinite  number  who  have 
died  at  the  same  age  or  earlier,  and  of  the  same  diseases ; 
but  who  neither  in  childhood  nor  in  manhood  exhibited 
any  superior  genius.  The  only  method  of  arriving  at  the 
truth  on  the  question  is  the  one  I  have  adopted ;  that  is,  to 
obtain  the  average  longevity  of  a  large  number,  who  were 
known  to  have  been  greatly  precocious,  and  compare  it  with 
the  average  longevity  of  other  able  men  in  the  same  depart- 
ments. 

Those  who  have  not  given  special  thought  to  this  theme 
will  be  suprised  to  learn  how  early  and  how  strikingly  the 
genius  of  some  of  the  greatest  and  longest-lived  heroes  was 
displayed.  Leibnitz,  at  twelve,  understood  Latin  authors 
well,  and  wrote  a  remarkable  production.  Gassendi,  '*  the 
little  do(5tor,"  preached  at  four,  and  at  ten  wrote  an  im- 
portant discourse.     Qoethe,  before  ten,  wrote  in  several 
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languages.  Meyerbeer,  at  five,  played  remarkably  well  on  the 
piano.  Niebuhr,.  at  seven,  was  a  prodigy ;  and  at  twelve 
had  mastered  eighteen  languages.  Michael  Angelo  at  nine- 
teen had  attained  a  very  high  reputation.  At  twenty,  Calvin 
was  a  fully-fledged  reformer,  and  at  twenty-four  published 
great  works  on  Theology  that  have  changed  the  destiny  of 
the  world.  Jonathan  Edwards,  at  ten,  wrote  a  paper  refut- 
ing the  materiality  of  the  soul ;  and  at  twelve  was  so  amaz- 
ingly precocious  that  it  was  predidled  of  him  that  he  would 
become  another  Aristotle.  At  twenty,  Melancthon  was  so 
learned  that  Erasmus  exclaimed,  "  My  God  !  What  expec- 
tations does  not  Philip  Melancthon  create !" 

Causes  of  the  Exceptional  Longevity  of  Great  Brain-Workers. 

The  explanation  of  the  surprising  longevity  of  great 
brain-workers  is  quite  complex.  The  readiest  answer  to  the 
problem  would  be  that  brain  work  is  healthful ;  and  that, 
therefore,  the  better  the  brain,  and  the  harder  it  is  worked, 
the  longer  the  life  of  its  possessor.  Such  a  solution  would 
not  be  entirely  true ;  and  if  it  were  true  unqualifiedly,  it 
would  clear  up  but  one  side  of  the  question. 

The  answer  is  to  be  found,  not  in  any  single  considera- 
tion, but  in  many,  as  follows  :-^ 

I.  Great  men  usually  come  from  healthy,  long-lived  ancestors. 
Longevity  is  a  correlated  inheritance  of  genius.  In  order 
that  a  great  man  shall  appear,  a  double  line  of  tough,  more 
or  less  vigorous  fathers  and  mothers  must  fight  in  the 
struggle  for  existence  and  come  out  triumphant.  However 
feeble  the  genius  may  be,  his  parents  or  grandparents  are 
usually  strong ;  or  if  not  strong,  are  long-lived.  Great  men 
may  have  nervous  if  not  insane  relatives ;  but  the  nervous 
temperament  holds  on  to  life  longer  than  any  other  tem- 
perament, 'the  great  man  may  himself  be  incapable  of 
producing  other  great  men ;  in  him  indeed  the  branch  of 
the  race  to  which  he  belongs  may  reach  its  consummation, 
but  the  stock  out  of  which  he  is  evolved  must  be  strong, 
and  usually  contains  latent  if  not  a(5tive  genius.*  Lon- 
gevity is,  of  course,  hereditary,  like  all  qualities  or  tenden- 
cies of  organised  life ;  and  if  great  men  come  from  long- 
lived  stock,  this  fa(Sl  is  one  most  potent  explanation  of  their 
exceptional  longevity, 

*  That  intelledual  qaalities  are  subjedt  to  all  the  laws  of  hereditary 
descent,  so  far  as  we  know  these  laws,  has  been  fully  established  by  the 
researches  of  Galton  in  England,  and  of  myself  in  this  country.  I  therefore 
assume  the  fadt  without  argument. 


444  Longevity  of  Brain-Workers.  [Oftober, 

2.  A  good  constitution  usually  accompanies  a  good  brain. 
The  cerebral  and  muscular  forces  are  correlated.  This 
view,  though  hostile  to  the  popular  faith,  is  yet  sound  and 
supportable.  A  large  and  powerful  brain  in  a  small  and 
feeble  body  is  a  monstrosity.  **  In  monstrosities  Nature 
reveals  her  secrets,"  says  Goethe.  When  a  specially  small 
and  delicate  frame  sustains  a  specially  large  and  potent 
brain,  men  wonder,  as  at  a  tree  bowed  to  the  earth  by  the 
weight  of  its  over-abundant  fruit.  Everywhere  Nature  is  a 
slave  to  the  necessity  of  correlation  or  correspondence  of 
parts  and  organs  with  each  other ;  and  unless  she  heeds  it» 
all  organised  life  would  become  awry  and  misshapen.  In 
all  the  animal  realm,  there  is  a  general  though  not  unvary- 
ing relation  between  the  brain  and  the  body  of  which  it  is  a 
part  and  to  which  it  ministers.  A  hundred  great  geniuses, 
chosen  by  chance,  will  be  larger  than  a  hundred  dunces 
anywhere — will  be  broader,  taller,  and  more  weighty.  In 
all  lands,  savage,  semi-civilised,  and  enlightened — the  ruling 
orders,  chiefs,  sheiks,  princes  by  might  and  mind,  scientists, 
authors,  orators,  and  great  merchants,  weigh  more  than 
the  slaves,  peasants,  and  rifif-raff  over  whom  they  rule ;  and 
bear  the  evidences  of  their  superiority  so  clearly  that  they 
need  no  other  insignia.  In  any  band  of  workmen  on  a  rail- 
way, you  shall  pick  out  th? "  boss  **  by  his  size  alone,  and 
be  right  four  times  out  of  five.  Those  monstrosities  where 
genius  is  cabined  in  a  small  body  show  the  law  by  their 
very  rarity. 

3.  Great  men  who  are  permanently  successful  have  correspond- 
ingly greater  will  than  com^non  men  ;  and  force  of  will  is  a 
potent  element  in  determining  longevity.  The  one  requisite  for 
great  success  is  "grit;"  and,  more  uniformly  than  any 
other  single  quality  or  combination  of  qualities,  it  is  found 
in  those  who  attain  high  distindlion.  In  the  grand  struggle 
for  existence,  it  is  everywhere  the  stiff  upper  lip  that  con- 
quers ;  the  timid  and  the  yielding  are  cowed  and  crushed, 
and  over  them  rise  the  courageous  and  the  strong.  In  cer- 
tain special  lines,  as  poetry  and  art,  extraordinary  gifts 
may,  as  it  were,  draw  their  possessor  into  fame  with  but 
little  effort  of  his  own ;  but  the  highest  seats  in  the  temples 
both  of  art  and  poetry  are  given  only  to  those  who  have 
earned  them  by  the  excellence  that  comes  from  consecutive 
effort,  which  everj^where  tests  the  vital  power  of  the  man. 
That  longevity  depends  not  a  little  on  the  will,  no  one  will 
dispute.  The  whole  subje<5l  of  the  relation  of  mental 
chara<5ler  to  longevity  is  one  of  vast  interest,  and  is  too 
far-reaching  to  be  here  discussed ;  but  this  single  point 
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must  be  granted  without  argrument,  that  of  two  men  every 
way  alike  and  similarly  circumstanced,  the  one  who  has  the 
greater  courage  and  grit  will  be  the  longer-lived.  One  does 
not  need  to  practise  medicine  long  to  learn  that  men  die 
that  might  just  as  well  live  if  they  resolved  to  live ;  and 
that  myriads  who  are  invalids  could  become  strong  if  they 
had  the  native  or  acquired  will  to  vow  that  they  would  do 
so.  Those  who  have  no  other  quality  favourable  to  life, 
whose  bodily  organs  are  nearly  all  diseased,  to  whom  each 
day  is  a  day  of  pain,  who  are  beset  by  life-shortening  influ- 
ences, yet  do  live  by  grit  alone.  Races  and  the  sexes  illus- 
trate this.  The  pluck  of  the  Anglo-Saxon  is  shown  as 
much  on  the  sick-bed  as  in  Wall  Street  or  on  the  battle- 
field. During  the  late  war,  I  had  chances  enough  to  see 
how  thoroughly  the  black  man  wilted  under  light  sickness, 
and  was  slain  by  disease,  over  which  his  white  brother 
would  have  easily  triumphed.  When  the  negro  feels  the 
hand  of  disease  pressing  upon  him,  however  gently,  all  his 
spirit  leaves  him.  The  great  men  of  history  are  as  much 
superior  in  their  will-power  to  the  average  of  their  fellows, 
as  are  the  races  to  which  they  belong  to  the  inferior  and 
uncivilised  races.  They  live,  for  the  same  reason  that  they 
become  famous.  They  obtain  fame  because  they  will  not 
be  obscure ;  they  live  because  they  will  not  die. 

4.  Great  men  work  more  easily  than  ordinary  men.  Their 
expenditure  of  force  to  accomplish  great  things  is  less  plen- 
teous than  the  expenditure  of  ordinary  men  to  accomplish 
such  things.  A  Liverpool  draft-horse  draws  with  ease  a  load 
at  which  a  delicate  racer  might  tug  and  strain  without  moving 
it.  Ruskin  is  quite  right  when  he  says  that  the  greatest 
work  is  done  easily.  The  best  adlion  is  the  unconscious. 
It  is  the  essence  of  geiiius  to  be  automatic  and  spontaneous. 
The  common  mind  cannot  attain  this  spontaneity,  or  at  any 
rate  only  to  a  slight  degree.  Many  a  huckster  or  corner 
tradesman  expends  each  day  more  force  on  work  or  worry 
than  a  Stewart  or  a  Vanderbilt.  It  is  notorious  that  Beecher's 
great  sermons  cost  him  only  an  hour's  musing  or  so,  while 
many  country  pastors  work  for  a  week  over  "  efforts  **  that 
suggest  no  thought,  except  pity  for  the  composer.  Great 
genius  is  usually  industrious,  for  it  is  its  nature  to  be  adtive ; 
but  its  movements  are  easy,  spontaneous,  joyous.  There 
are  probably  many  school-boys  who  have  exhausted  them- 
selves more  over  a  prize  composition  than  Shakespeare  over 
"Hamlet,"  or  Milton  over  the  choicest  passages  in  **  Para- 
dise Lost."  At  one  time  I  adled  as  surgeon  on  a  gunboat  of 
the  United  States  Navy  on  the  blockade,  which  was  under 
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the  command  of  a  man  who,  I  am  sure,  worried  and  exhausted 
himself  more  over  that  little  craft  than  did  Admiral 
Farragut  over  the  entire  squadron.  When  he  died,  shortly 
after  the  close  of  the  war,  I  was  requested  by  his  widow  to 
use  my  influence  in  procuring  a  pension  for  her.  This  I 
was  able  to  do  most  conscientiously,  for  I  knew  that  he  had 
worn  himself  out  in  the  service,  although  the  vessel  under 
his  charge,  while  I  was  on  board  at  least,  never  went  into 
action,  chased  no  blockade  runner,  and  experienced  not  one 
moment  of  real  peril. 

5.  The  advantages  that  belong  to  the  brain-working  orders  in 
general.  Of  these  I  have  already  spoken  in  some  detaiL 
The  great  brain-workers  of  the  world  have  not  all  been  rich  ; 
neither  have  they  all  been  poor ;  some  of  them  have  lived  a 
portion  of  their  lives,  but  very  few  all  their  lives,  in  extreme 
want ;  and  the  majority  have  been  most  of  the  time  sur- 
rounded with  at  least  moderate  comforts. 

Causes  of  the  Great  Longevity  of  Clergymen. 

When,  in  1867,  I  first  called  attention  to  the  fadl  that 
clergymen  were  longer  lived  than  any  other  class  of  brain- 
workers,  serious  doubt  was  expressed  whether  there  might 
not  be  some  error  in  my  statistics.  So  much  had  been  said 
of  the  pernicious  effects  of  mental  labour,  of  the  ill-health 
of  brain-workers  of  all  classes,  and  especially  of  clergymen, 
that  very  few  were  prepared  to  accept  the  statement  that  the 
clergy  of  this  country  and  of  England  lived  longer  than  any 
other  class,  except  farmers,  and  very  naturally  suspected  a 
lurking  fallacy.  Other  observers,  who  have  since  given 
special  attention  to  the  subje(5t,  have  more  than  confirmed 
this  conclusion,  and  have  shown  that  clergymen  are  longer- 
lived  than  farmers. 

The  Rev.  Josiah  F.  Tuttle,  D.D.,  President  of  Wabash 
College,  Indiana,  has  ascertained  the  ages  of  2442  clergy- 
men— 600  Trinitarian  Congregationalists,  317  Presbyterians, 
231  Episcopalians,  268  Baptists,  208  Methodists,  166  Uni- 
tarians, &c., — and  found  that  the  average  was  "  a  little  over 
61  years."  "  Considerably  over  one-half  of  the  whole  were 
over  60  years  of  age  at  their  death ;  three-fourths  of  the 
whole  were  over  50  years  old  at  death  ;  and  seven-eighths 
of  the  whole  were  over  40  years  of  age  at  death."  Dr.  Tuttle 
found  that  the  average  age  at  death  of  408  individuals  (not 
clergymen),  and  who  had  died  over  21  years  of  age,  was  a 
little  over  51  years.  This  result  pretty  nearly  corresponds 
with  mine. 

But  by  far  the  more  thorough  investigation  on  this  subjeft, 
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^  and  one  that  must  fully  settle  the  question  for  all  minds  over 
whom  fadls  have  any  influence,  has  been  recently  made  by  the 
Rev.  J.  M.  Sherwood>  formerly  editor  of  "  Hours  at  Home," 
and  now  Secretary  of  the  Society  for  Promoting  Life  In- 
surance among  Clergymen.  This  gentleman  has  laboured 
long  and  patiently  in  this  department,  and  has  ascertained 
that  the  average  age  of  our  ministers  at  death  is  sixty-four.  The 
report  (I  quote  from  Document  No*  3  of  the  Society)  states : 
'*  this  is  four  years  more  than  the  longevity  of  the  most 
favoured  (?)  class ;  ten  years  more  than  in  the  other  profes- 
sions: and  from  twelve  to  nineteen  years  above  that  of 
mechanics,  artisans,  miners,  operatives,  and  the  like." 

These  conclusions  differ  slightly  from  mine,  but  the  differ- 
ence is  in  favour  of  clergymen.  Mr.  Sherwood  informs  me 
that  he  had  obtained  the  average  from  a  list  of  ten  thousand 
clergymen,  whose  ages  at  death  he  ascertained  at  great 
labour  by  consulting  **  the  minutes  of  ecclesiastical  bodies 
for  thirty  years  past,  the  catalogues  of  theological  seminaries, 
Wilson*s  "  Historical  Almanack,"  Dr.  Sprague's  "  Annals  of 
the  American  Pulpit,"  biographical  didtioaaries,  the  files  of 
religious  journals,  &c. 

A  list  of  ten  thousand  is  sufficient  and  more  than  sufficient 
for  a  generalisation  :  for  the  second  five  thousand  did  nothing 
more  than  confirm  the  result  obtained  by  the  first.  It  is 
fair  and  necessary  to  infer  that  if  the  list  were  extended  to 
ten,  twenty,  or  even  one  hundred  thousand,  the  average 
would  be  found  about  the  same. 

In  England,  also,  clergymen  live  to  a  greater  age  than  any 
other  class.  According  to  the  report  of  the  Secretary  of  the 
Clerical  Mutual  Life  Assurance  Society,  the  mortality  is  less 
than  that  in  twenty  other  companies  by  a  veiy  important 
percentage. 

Causes  of  the  BxceptiofMl  Longevity  of  Clergymen. 

The  reasons  why  clergymen  are  longer-lived  than  any  other 
class  of  brain-workers  are  these  : — 

I.  Their  callings  admit  of  a  wide  variety  of  toil. — In  their 
manifold  duties  their  whole  nature  is  exercised — not  only 
brain  and  muscle  in  general,  but  all,  or  nearly  all,  the  facul- 
ties of  the  brain — the  religious,  moral,  and  emotional  na- 
ture, as  well  as  the  reason.  Public  speaking,  when  not 
carried  to  the  extreme  of  exhaustion,  is  the  best  form  of  gym- 
nastics that  is  known ;  it  exercises  every  inch  of  a  man» 
from  the  highest  regions  of  the  brain  to  the  smallest  muscle. 
In  his  public  ministrations,  in  his  pastoral  calls,  in  his  study, 
in  his  business  arrangements,  in  his  general  reading,  the 
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pastor  exercises  more  widely  and  variously  than  any  other 
calling. 

2.  Comparative  freedom  from  financial  anxiety. — ^The  aver- 
age income  of  the  clergymen  of  the  leading  denominations 
of  this  country  in  a(5tive  service  as  pastors  of  churches  (in- 
cluding salary,  house  rent,  wedding  fees,  donations,  &c.),  is 
between  Soodols.  and  looodols.,  which  is  probably  not  very 
much  smaller  than  the  net  income  of  all  other  professional 
classes.  Further,  the  income  of  clergymen  in  aAive  service 
is  colledted  and  paid  with  greater  certainty  and  regularity, 
and  less  labour  of  colle<Stion  on  their  part  than  the  income 
of  any  other  class  except  Government  officials.  Then,  again, 
their  income,  whether  small  or  great,  comes  at  once,  as  soon 
as  they  enter  their  profession,  and  is  not,  as  with  other 
callings,  built  up  by  slow  growth. 

Worry  is  the  one  great  shortener  of  life  under  civilisation ; 
and  of  all  forms  of  worry,  financial  is  the  most  frequent,  and 
for  ordinary  minds  the  most  distressing.  Merchants  now 
make,  always  have  made,  and  probably  always  will  make, 
most  of  the  money  of  the  world ;  but  business  is  attended 
with  so  much  risk  and  uncertainty,  and  consequent  worry, 
that  merchants  die  sooner  than  clergymen,  and  several  years 
sooner  than  physicians  and  lawyers. 

By  what  I  here  say,  I  do  not  mean  to  give  the  impression 
that  clergymen  are  properly  paid  :  for  it  is  thoroughly  true, 
as  was  once  remarked  by  a  certain  political  economist:  **  We 
pay  best, — ist.  Those  who  destroy  us — generals.  2nd.  Those 
who  cheat  us — politicians  and  quacks.  3rd.  Those  who  amuse 
us — actors  and  singers  ;  and  least  of  all,  those  who  instruct  us." 

The  average  income  of  all  classes  in  this  country  is  small 
— ^about  700  dols.  a  year — and  for  the  labouring  classes  not 
more  than  half  that  sum ;  and  if  the  same  efforts  were  made 
to  obtain  the  details  of  the  financial  history  of  every  family 
in  the  land,  as  has  been  done  in  the  case  of  clergymen,  there 
would  be  some  very  dreary  reading. 

3.  Their  superior  menial  endowments. — ^The  law  which  I 
derive  from  the  study  of  vital  statistics  is,  that  other  con- 
ditions being  the  same,  the  greater  and  richer  the  brain,  the 
greater  the  longevity. 

Now  I  speak  calmly  and  discriminately,  and  from  a  care- 
ful comparison  of  biographical  data,  when  I  say  that  the 
clergymen  of  this  country — as  represented  by  the  Congrega- 
tional, Presbyterian,  and  Unitarian  denominations — have 
presented  a  higher  average  of  the  higher  kinds  of  ability 
than  any  other  equally  large  class,  of  any  age  or  se<Stion,  of 
recorded  history. 
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During  the  past  fifteen  years  there  has  been  a  tendency, 
which  is  now  rapidly  increasing,  for  the  best  endowed  and 
the  best  cultured  minds  of  our  colleges  to  enter  other  pro- 
fessions, and  the  ministry  has  been  losing  while  medicine, 
business,  and  science  have  been  gaining. 

4*  Their  superior  temperance  and  morality. — Clergymen  are 
more  regular  in  their  sleep,  meals,  and  exercise  than  any 
other  intelledtual  class ;  and  are  less  exposed  to  injurious 
influences  and  contagious  diseases  than  some  other  occupa- 
tions. Very  rarely,  indeed,  does  a  clergyman  become  grossly 
intemperate,  or  addidted  to  gambling,  or  to  the  exclusive 
and  injurious  pursuit  of  any  animal  pleasure. 


III.   ON  THE  CONDITION  OF  THE  ATMOSPHERES 

OF  THE  PLANETS. 

By  B.  Nbison,  F.R.A.S.,  &c. 

HE  atmospheric  conditions  prevailing  upon  the  planets 
of  the  solar  system  is  a  question  of  peculiar  interest, 
for  until  these  are  thoroughly  realised  it  is  impossible 
to  properly  interpret  the  numerous  observations  of  the  physical 
condition  of  the  planets.  Moreover,  seeing  that  in  the  great 
majority  of  cases,  the  observations  deal  only  with  variations 
in  the  appearance  of  the  planet,  and  that  these  must  arise 
almost  entirely  from  atmospheric  changes,  the  important 
bearings  of  the  conditions  regulating  these  is  at  once 
manifested. 

The  question  of  the  height  of  the  atmospheric  envelope 
of  the  four  great  planets,  Jupiter,  Saturn,  Uranus,  and 
Neptune,  derives  peculiar  interest  from  the  influence  it 
possesses  over  the  physical  constitution  of  the  planet  itself. 
It  is  known  that  the  mean  densities  of  these  four  greater 
members  of  the  solar  system  are  all  very  small,  being  in  no 
case  much  greater  than  that  of  water,  this  peculiarity  being 
of  great  interest  and  considerable  importance  in  considering 
the  probable  physical  constitution  of  these  planets.  It  has 
long  been  suggested  that  this  may  be  only  apparent  for  the 
diameter  of  these  planets  measured,  being  that  of  the  upper 
cloud-bearing  strata  of  their  atmospheres;  if  this  be  of  great 
depth  and  yet  of  moderate  density,  the  aAual  solid  planet 
may  possess  a  much  greater  mean  density.  If  it  be  supposed 
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in  fa£l  that  the  depth  of  the  atmosphere  was  as  much  as  one- 
tenth  the  apparent  diameter  of  the  planet,  the  mean  density 
of  this  would  be  nearly  doubled.  It  has  been  often  urged, 
therefore,  that  the  real  average  density  of  these  planets  may 
be  much  greater  than  that  usually  supposed,  from  their  real 
dimensions  being  far  less  than  their  apparent ;  the  aug- 
mentation arising  from  the  presence  of  cloud-bearing 
atmospheres,  that  on  Jupiter,  it  is  assumed,  may  be  as  much 
as  eight  to  ten  thousand  miles  in  depth.  But  no  attempt 
appears  to  have  been  made  to  ascertain  how  far  these 
supposed  great  depths  of  cloud-bearing  atmosphere  are 
consistent  with  those  known  dynamical  laws  which 
inflexibly  sway  the  condition  of  gaseous  envelopes  on 
the  other  planets  beside  the  earth ;  or  whether,  to  render 
such  immense  atmospheres  possible  on  these  giant  planets, 
conditions  must  not  be  assumed  that  are  inadmissible. 

The  laws  on  which  the  physical  condition  of  the  atmo- 
spheric envelope  of  any  of  the  planets  may  be  regarded  as 
depending  have  been  long  known,  and  have  been  applied 
with  tolerable  success  in  obtaining  an  approximate 
acquaintance  with  principal  variations  in  the  atmosphere  of 
the  earth,  and  for  the  higher  regions  of  the  gaseous  envelope 
of  any  planet  the  theoretical  constitution  may  be  considered 
to  have  been  determined,  in  so  far  as  its  solution  is  reduced 
to  the  ascertaining  of  the  value  of  a  single  constant.  But  no 
attempt  seems  to  have  been  made  to  apply  these  results  to 
other  planets  than  the  earth,  nor  have  they  been  placed  in  a 
distinct  and  convenient  form  for  this  purpose.  A  sufficiently 
approximate  form  of  these  equations  can  be  derived  very 
simply,  and,  as  will  be  shown,  made  to  afiford  results  of  con- 
siderable importance  in  considering  the  true  nature  of  the 
planetary  atmospheres. 

Let 

a  =s  Radius  of  the  planet. 

go  K  po  io    =    Force  of  gravity,  density,  pressure, 
and  temperature  of  the  atmosphere  at  the 
surface  of  the  planet,  and 
g    ^    p    ^    =»   the  same  at  a  distance  x  above  the 
surface, 

Then~ 

dp^-^ghdx        .    .    .    •    (i) 

and  replacing  g  by  it  value  go    .    .    v,   and  change  the  vari- 
able  to  s  where — 

s  =  —T-  (2) 

a+x  ^  ' 
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and  (i)  becomes — 

dp=-goaBds         ...        (3) 

From  the  theory  of  the  expansion  of  gases 

^=  *y.  T+TTo         '       '    ■       (4) 

and  dividing  (3)  by  this  value  of  p — 

J  -  ^  ^''  f*  1+71"  ^'     '    •        ^5) 

This  is  the  differential  equation  between  the  pressure  and 
height  above  the  surface,  and  when  integrated  by  substitu- 
tion in  (4)  gives  the  law  of  decrease  of  density,  with  increase 
of  height  above  the  surface.  This  equation  cannot,  how- 
ever, be  integrated  unless  the  manner  in  which  the  tempera- 
ture varies  with  the  altitude  is  known.  For  the  present  this 
may  be  assumed  to  be  given  by — 

f(s)=l+f/^         (6) 

and  then  very  conveniently  it  riiay  be  considered  that — 

^($)  =y«'(s)  ds       ....        (7) 

Substituting  these  values  in  (5)  after  integrating  and 
determining  the  constant  by  the  condition  that  /=/o   when 

s=o;  whilst  replacing  for  brevity  the  ratio  -   by  p  and  (5) 

becomes — 

f=po  «-^»p«^w        (8) 

and  by  substitution  in  (4) — 

These  two  equations,  once  the  form  of  ^'(s)  is  known,  are 
sufiGicient  to  entirely  determine  the  normal  physical  condition 
of  the  atmosphere  of  any  planet,  in  so  far  at  least  as  de- 
pends on  variations  indensity,  pressure,  and  temperature. 

As  the  expansion  of  gases  for  a  small  increase  of  heat  is 
very  small,  for  conditions  when  the  atmosphere  undergoes 
only  slow  and  slight  variations  in  temperature  as  the  height 
above  the  surface  increases,  the  law  of  decrease  of  tempera- 
ture possesses  only  secondary  importance,  and  the  condition 
of  the  atmosphere  of  the  planet  approximates  to  that  it 
would  possess  were  the  temperature  throughout  uniform. 
For  many  purposes  it  may,  indeed,  be  considered  that  the 
temperature  of  the  atmosphere  is  constant  without  intro- 
ducing any  very  material  error,  especially  in  the  higher  regions, 


0Z  The  A  imospheres  of  the  Planeb.         [Odlober, 

where  the  decrease  of  temperature  must  be  so  slight  as  to- 
approach  very  closely  to  this  conditioD.  This  condition  is,  in 
fsiit,  as  far  as  any  of  the  planets  of  the  solar  system  are 
concerned,  the  limit  on  this  side  to  any  possible  constitution 
an  atmosphere  can  possess ;  and  as  it  reduces  the  equa- 
tions to  their  simplest  form  for  the  purpose  of  ascertaining; 
the  extreme  in  this  direftion,  this  condition  may  first  be 
supposed  to  hold. 

Assuming  that  the  temperature  is  constant  and  equal  ta 
to  then  ^' (s)  becomes  unity  and  ^  (s)=Sf  whence  substitu- 
ting these  values  in  equations  (8)  and  (g),  the  two  equations 
become  identical  and  can  be  expressed  as — 

P  8 

f    =    o-  =   ^-^-p**      ....        (io> 

Po  Oo 

For  atmospheric,  air  it  has  been  ascertained  that — 

^^2:20131^ ^„^ 

and  for  any  other  gas  it  can  be  found  by  dividing  this  by  the 
specific  gravity  relative  to  air  of  the  gas  in  question.  Com- 
puting the  value  of  the  coefficient  of  5  for  the  six  planets^ 
Mercury,  Venus,  Mars,  Jupiter,  Saturn,  and  Uranus,  and 
denoting  by  T  the  quantity  i  +  c^o  then  the  coefficient 
fi  T"'of  5  on  the  six  planets  will  be,  on — 

Mercury  fi  T"*'  =  0*0086  .  T"* 
Venus  „  =  0*0671  .  T"' 
Mars  „        =  0*0246  .  T-« 

and  on — 

Jupiter     i8T-«    =  2-150    .  T-' 
Saturn       „        =  o*86o    .  T"' 
Uranus      „        =  o'344    •  T"' 
The  planet  Neptune  has   been  omitted  from  its  great 
resemblance  to  Uranus,  which  renders  the  physical  condi- 
tions regulating  the  atmospheres  of  the  two  planets  almost 
identical. 

The  length  in  miles  of  a  unit  of  5  on  the  difierent  planets 
has,  for  convenience,  been  taken  so  that  n  units  of  s  will,  in 
miles,  on — 

Mercury  «  0*148  +  0*00002  n* 
Venus  =  0*376  n  +  0*00004  «• 
Mars        =   0*246  n    +    0*00003  n* 

whilst  as  on  the  larger  planets  the  second  term  will  be 
always  insensible,  it  may  be  considered  that  on — 

Jupiter  ==  4*30  n  miles. 
Saturn  =  3*60 »  miles. 
Uranus   =    1*65  n    miles. 
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Moreover,  as  on  the  larger  planets  the  depth  of  the  atmo- 
sphere is  to  be  measured,  these  values  become  rigorous. 

Keeping  for  the  present  to  the  group  of  the  three  greater 
planets,  Jupiter,  Saturn,  and  Uranus,  supposing  the  density 
of  the  upper  limit  of  the  cloud-bearing  strata  of  the  atmo- 
spheres of  these  planets  to  be  known,  it  would  be  easy  to 
compute  at  what  depth  beneath  this  the  superincumbent 
pressure  would  be  so  increased  as  to  crush  the  gases  forming 
the  atmosphere  into  so  dense  a  condition  that  they  would 
become,  to  all  intents,  liquids ;  though  probably  long  before 
this  could  be  accomplished  the  atmosphere  would  have  come 
to  an  end  through  the  condensation  of  its  constituents* 
The  measured  diameter  of  Jupiter  and,  as  far  as  can  be 
ascertained,  of  Saturn  and  Uranus,  isth  at  of  the  upper 
limit  of  the  cloud-bearing  strata  of  their  atmospheres;  and, 
consequently,  at  this  point  the  density  cannot  be  of  extreme 
slightness,  for  masses  of  condensed  vapours  or  clouds  can 
only  exist  and  remain  suspended  in  a  strata  of  comparative 
density.  In  fixing  the  limiting  density,  where  clouds  may  be 
considered  as  possibly  existing,  at  as  low  as  one-thousandth 
of  the  surface  density  of  the  earth's  atmosphere,  an  extreme 
value  is  probably  taken;  for  not  only  is  it  questionable 
whether  any  mass  of  brilliantly  illuminated  condensed  vapour 
could  remain  in  suspension  in  air  of  this  rarity,  but  it  is 
doubtful  whether  condensation  must  not  always  ensue  before 
reaching  so  low.  Assuming,  therefore,  this  limit,  it  remains 
to  consider  the  maximum  depths  of  the  atmospheric  enve- 
lopes of  the  three  great  planets ;  supposing  the  lowest  limit 
marked  by  the  point  where  the  gaseous  constituents  would 
be  crushed  by  the  superincumbent  pressure  into  a  consistency 
which  would  class  them  amongst  liquids,  not  gases, 
even  were  they  not  actually  liquefied  long  before  reaching 
this  point.  Supposing  that  the  temperature  of  these  three 
planets  is,  like  our  own,  not  materially  different  from  +  loo"* 
to  — 100''  C.  the  atmosphere  may  be  considered  as  possess- 
ing uniform  temperature  of  0°  C. 

On  Jupiter  at  a  depth  of  only  19  miles  the  density  would 
be  already  over  ten  times  as  great  as  our  own  ;  at  28  miles 
it  would  be  denser  than  water,  and  at  33  miles  as  dense  and 
heavy  as  mercury;  though  long  ere  this  the  immense  pressure 
would  have,  through  liquefaflion,  put  an  end  to  the  atmo- 
sphere and  the  laws  of  gaseous  compression.  On  Saturn  the 
same  points  would  be  reached  at  a  depth  of  38,  57,  and  68 
miles;  and  on  Uranus  at  41, 66,  and  77  miles  below  the  visible 
cloud  surface.  These  comparatively  trifling  depths  under 
the  supposed  conditions  are  the  maximum  that  the  cloud- 
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limited  atmospheres  of  these  three  giant  planets  can  possess ; 
and  their  insignificance  is  such  that  on  the  limb  they  would 
subtend  an  angle  such  a  minute  fraction  of  a  second  of  arc 
as  to  be  almost  undetedtable  and  quite  unmeasurable.  Yet^as 
far  as  the  observed  phenomena  of  the  cloud  belts  of  Jupiter  are 
concerned)  the  depth  is  ample  to  explain  all  that  has  yet 
been  definitely  ascertained.  Considering  these  three  planets 
from  the  point  of  view  that  has  hitherto  been  adopted,  these 
may  be  regarded  as  the  maximum  depths  of  their  cloud- 

i  bearing  atmospheric  envelopes,  because  any  law  of  decrease 

of  temperature  that  may  be  adopted  will  be  without  sen- 

i  sible  effe<5t  on  these  results.    But  there  is  another  point 

from  which  Jupiter  at  least  may  be  regarded,  and  which 
considers  that  perhaps  this  giant  planet  may  have  retained 
sufficient  heat  to  entirely  remove  the  conditions  prevailing 
on  its  surface  from  any  analogy  in  point  of  temperature  to 
those  on  the  earth.     It  has  been  urged  with  much  force  that, 

\  from  its  great  mass,  Jupiter  may.  have  been  much  longer  in 

cooling  down  than  the  earth  and  other  smaller  planets,  and 
that,  therefore,  its  surface  temperature  may  still  be  very 
high ;  perhaps  approaching  or  even  reaching  a  low  red  heat. 
Under  these  conditions  the  law  of  decrease  of  temperature 
rises  so  much  into  importance  that  it  cannot  remain  neg- 
lected, as  has  hitherto  been  done ;  but  some  attempt  must 
be  made  to  take  it  into  account.  The  researches  into  the 
spedlrum  of  Jupiter  show  that  the  greater  ipajorj^y,  if  not  p  <^ 
all,  the  light  it  sends  to  the  earth,  is  merely  reflected  sun- 
light that  has  traversed  a  sufficient  layer  of  atmosphere  to 
exhibit  absorption  lines  which  indicate  the  presence  of 
aqueous  vapour.  Had  Jupiter  been  aAually  incandescent, 
that  is  to  say  were  its  surface,  which  can  be  probably  seen 
through  the  clouds  environing  it,  so  intensely  heated  as  to 
become  white  hot,  a  very  different  result  would  have  been 
expedted,  and  only  one  uniform  mass  of  permanent  dense 
cloud  would  be  shown  by  Jupiter.'  Moreover,  the  formation 
of  persistent  marking  in  the  visible  surface  of  the  planet,  the 
arrangement  noticeable  in  their  form  and  position,  and  their 
appearance  all  appear  more  consistent  with  a  moderate 
surface  temperature,  and  could  hardly  be  expedted  to  be 
screening  a  white-hot  incandescent  planet.  Some  striking 
evidence  of  the  vast  energies  at  work  could  not  but  become 
manifest  in  a  most  marked  manner  were  the  entire  surface 
of  Jupiter  one  molten  and  seething  mass  of  fire,  as  such  a 
supposition  would  render  it,  whilst  the  environing  vapours 
would  become  the  scene  of  titanic  throes  from  the  alternate 
decomposition  and  re-combination  of  those  energetic  elements 
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whose  most  stable  combinations  would  be  destroyed  by  the 
great  temperature  at  the  surface,  to  reunite  on  ascending 
to  the  cooler  strata,  only  to  be  again  dissociated  on  sinking 
towards  the  surface. 

If,  therefore,  it  were  assumed  that  the  surface  of  Jupiter 
might  be  so  intensely  heated  as  to  reach  a  temperature  closely 
approaching  a  white  heat,  say  iioo**  C,  an  extreme  view  of 
the  possible  high  temperature  of  Jupiter  would  have  been 
taken,  and  the  resulting  depth  for  the  atmosphere  of  Jupi- 
ter may  be  regarded  as  the  maximum  present  under  even 
these  conditions.  It  would  only  remain,  therefore,  to  frame 
some  probable  law  of  the  decrease  of  temperature  of 
the  atmosphere  from  the  surface,  for  it  is  impossible 
that  the  air  could  remain  throughout  at  this  great 
temperature ;  but  seeing  how  quickly  gases  cool  under  the 
condition  they  exist  under  when  forming  portion  of  the 
upper  strata  of  the  atmosphere,  a  very  rapid  degree  of 
cooling  might  be  expedled  when  at  a  little  distance  from  the 
surface.  The  adlual  law  of  decrease  of  temperature  is  of 
course  unknown  but  sensibly,  except  close  to  the  surface ; 
the  results  obtained  by  employing  any  approximate  law  will 
give  results  sensible  the  same  as  the  true,  for  the  purpose  in 
view  here,  as  well  as  for  most  others,  including  the  computa- 
tion of  the  refraction.  In  framing  such  a  law  it  will  be 
necessary  to  put  it  into  such  a  form  that  it  can  be  readily 
applied  without  alteration,  not  only  to  different  views  of  the 
conditions  prevailiilg  upon  any  one  planet,  but  to  those  upon 
the  whole  six.  The  temperature  of  any  strata  of  an  atmo- 
sphere must  be  held  to  vary  in  some  manner  inversely  as  its 
density,  this  law  regulating  implicitly  not  only  the  condudlion 
but  the  absorption  of  heat,  as  well  also  as  the  radiation, 
although  not  explicitly.  It  will  also  be  apparent  that  close 
to  the  surface  the  temperature  will  decrease  slowly,  owing 
to  the  influence  of  the  hot  surface,  and  that,  from  exactly  the 
reverse  cause,  the  temperature  towards  the  outer  portion  of 
the  surface  will  vary  with  extreme  slowness,  the  quickest 
decrease  being  in  the  central  portion  of  the  atmosphere  of 
any  planet. 

Returning  to  equation  (6),  assume — 

f(s)=  {!-/+/ ^-•'"}-'     ....         (12) 

where  «  is  a  new  variable  introduced  to  retain  the  equations 
in  a  simple  form,  and  such  that — 

I  +  r 
gopas  =  {i-f)u+~-—(i'-'6-'^)    .    .        (15) 

T 

VOL.  VI.   (N.S.)  3  M 
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Differentiate  this  with  respedt  to  u,  and  after  multiplying 

(12)  by-r^  integrate  when — 
du 

^(5)==_i_{  tt-log(i-/+/^— )} 

substituting  these  values  /  ^'  (s)  and  ^  (5)  in  the  two  equa- 
tions (8)  and  (9),  and  they  become — 

^  =  |i-/+/,— },-  .     .        (14) 

and — 

g-=«-  (15) 

Upon  the  values  given  to  the  two  constants  /  and  r  will 
the  rapidity  and  degree  of  decrease  of  heat  depend,  the  for- 
mer in^uencing  mainly  the  amount  and  the  latter  more 
immediately  the  quickness  of  the  decrease  in  temperature 
with  the  variation  in  density*  To  determine  /,  the  condi- 
tion exists  that  /  must  be  such  a  value  that  at  the  summit 
of  the  atmosphere  the  temperature  will  be  the  same  as  the 
temperature  of  space;  or  if  this  be  supposed  extremely 
low,  that  at  which  the  elasticity  of  the  atmosphere  is  equalled 
by  the  attraftion  of  gravity.  Accordingly  if  f  be  this  tem- 
perature,— 

f-'-I+Ti,        •    .    .    .      (16) 

The  other  constant  r  can  be  determined  if  the  temperature 
at  any  given  great  height  were  known  ;  but  this  not  being 
so,  it  must  be  arbitrarily  fixed.  It  is  noticeable  that  when  r 
is  unity,  its  influence  vanishes,  but  as  it  approaches  zero  its 
influence  is  to  make  the  condition  of  the  atmosphere 
approach  those  of  a  uniform  temperature;  whilst  as  it 
increases  from  unity  and  approaches  infinity,  it  gradu- 
ally approaches  the  condition  of  an  atmosphere  of  the  uni- 
form temperature  given  by — 

on  a  surface  heated  to  to.  In  both  cases  it  may  be  held  to 
approach  from  the  value  unity  the  condition  of  a  uniform 
temperature. 

Consequently,  as  it  is  apparent  for  beyond  any  but  small 
values  of  u,  this  variable  is  greater  than  jS  s;  for  any  admis- 
sible assumed  law  of  decrease  of  temperature,  the  density  of 
an  atmosphere  at  a  given  height  is  less  than  the  condition 
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of  a  uniform  temperature.  Therefore  the  maximum 
depth  any  planetary  atmosphere  can  possess  will  be  that 
when  its  temperature  is  uniform.  Now,  applying  this  to 
the  three  gpreat  planets,  Jupiter,  Saturn,  and  Uranus,  and 
allowing  that  their  surface  may  be  so  intensely  heated  as  to 
be  at  a  temperature  of  iioo"*  C,  and  the  computation  of 
their  depths  on  the  hypothesis  of  a  uniform  temperature 
will  give  their  maximum  depths. 

On  Jupiter,  under  these  conditions,  commencing  from  a 
point  already  mentioned,  when  considering  their  depth  at  a 
temperature  near  zero  centigrade,  then  at  74  miles  below 
the  upper  side  of  the  visible  cloud  layers  it  would  be  ten 
times  denser  than  our  own  atmosphere,  at  no  miles  com- 
pressed until  denser  than  water,  and  at  only  148  miles  as 
dense  as  mercury ;  though,  as  before  remarked,  long  before 
this  could  have  happened,  the  condensation  of  its  consti* 
tuents  must  have  occurred,  as  the  whole  ceased  to  be  a  gas. 
On  Saturn,  the  depths  beneath  the  surface,  where  the  same 
would  occur,  would  be  154,  231,   and  308   miles,  and  on 
Uranus  178,  268,  and  357  miles.    The  telescopic  insignifi- 
cance of  the  depths,  in  mere  dimensions,  of  the  greatest  of 
these  three  quantities  on  each  planet  is  best  shown  by  con- 
sidering that  on  Jupiter  it  subtends  an  angle  of  only  o'o6"  of 
arc,  on  Saturn  of  o'o8,".  and  on  Uranus  of  o'04"-^quantities 
unmeasurable,  and  almost  invisible  even  in  the  finest  tele- 
scopes.    It  cannot  be  supposed,  however,  that  these  dimen- 
sions, small  as  they  are,  can  ever  be  reached  by  any  of  the 
three  planets,  for  a  temperature  such  as  supposed  could  not 
extend  undiminished  to  the  outer  limits  of  the  cloud-bearing 
strata ;  and,  therefore,  to  obtain  in  any  way  the  probable 
depth  of  the  atmospheres  to  these  planets  use  must  be 
made  of  equations  (15)  and  (13).    To  take  the  most  favour- 
able circumstance  possible,  suppose  the  temperature  never 
to  fall  below  zero  C.,  then  the  value  of  /  from  (16)  for  the 
•supposed  intense  surface  heat  of  the  planets  will  be  o'8o, 
whilst  to  give  a  very  favourable  condition  to  a  great  depth, 
make  r  instead  of  near  unity  only  0'20 ;  so  that  temperature 
decreases  so  slowly  as  to  be  even  beyond  the  summit  of  the 
cloud-bearing  strata,  the  atmosphere  will  be  of  still  consider- 
able warmth.     Then   the  three  respedlive  points  already 
mentioned  would,  on  Jupiter,  be  reached  at  a  depth  of  60, 
72,  and  78  miles ;  on  Saturn,  at  126,  152,  and  164  miles ; 
and  on  Uranus  at  144,  173,  and  188  miles  respedtively,  or 
scarcely  one-half  of  that  found  on  the  previous  assumption. 
These  depths  appear,  therefore,  to  be  the  maximum  possible 
on  any  permissible  condition  on  these  three  giant  planets  of 
the  solar  system. 
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There  is  at  present  no  reason  for  believing  that  the  atmo- 
sphere of  Jupiter  possesses  a  greater  depth  than  from  25  to 
50  miles ;  the  only  observation  that  can  be  considered  as 
indicating  any  very  much  greater  depth  being  those  of  the 
form  of  the  shadow  of  the  satellite,  which  though  highly 
interesting,  cannot  legitimately  be  regarded  as  pointing  in 
this  direction.  Whatever,  therefore,*  may  be  held  to  be  the 
cause  of  the  slight  mean  density  of  Jupiter  and  its  com- 
panions in  this  respedl,  Saturn,  Uranus,  and  Neptune,  it 
cannot  arise  simply  from  their  possessing  an  immense  depth 
of  atmosphere. 

There  is  one  other  point  in  connedtion  with  the  atmo- 
sphere of  Jupiter  requiring  examination,  namely,  the  influence 
of  the  presence  of  an  atmosphere  on  the  occultations  of  its 
satellites ;  for  if  a  fringe  of  atmosphere  of  any  recognisable 
breadth  were  present,  the  satellites,  instead  of  disappearing 
sharply  behind,  and  re-appearing  as  distinctly  from  beyond 
the  planet's  limb,  would  fade  slowly  away.  Thus  from  the 
efifedts  of  its  refradting  the  rays  of  light,  it  would  appear 
that  if  any  considerable  layer  of  atmosphere  to  Jupiter 
extended  beyond  his  disc  formed  by  the  cloud  strata,  it 
could  not  fail  to  be  recognised  by  retarding  occultation  and 
eclipses,  and  accelerating  the  re-appearances.  With  suffi- 
cient approximation,  the  horizontal  refraction  for  any 
layer  of  Jupiter's  atmosphere  assumed  similar  to  our  own 
and  whose  density  is  So'  would  be — 

Accordingly,  for  a  strata  of  air  only  one-thousandth  the 
density  of  our  own  the  horizontal  refradtion  would  be  still 
strongly  marked. 

In  all  probability  the  real  density  of  the  strata  of  Jupiter's 
atmosphere  immediately  beyond  the  uppermost  clouds  is  in 
density  over  one-tenth  of  our  own,  and  would,  therefore, 
exert  a  horizontal  refradtion  equal  to  half  of  our  own,  and 
be  therefore  most  marked.  The  true  reason  of  its  being  un- 
detedtable  consists  of  the  very  slight  breadth  of  the  fringe  of 
atmosphere  from  its  very  quick  decrease  in  density,  so  that 
only  twenty'four  miles  beyond  the  upper  cloud  layers  of 
Jupiter's,  the  density  of  the  atmosphere  would  be  utterly 
insensible,  and  with  it  the  horizontal  refradtion.  As  this 
distance  of  twenty-four  miles  would  at  Jupiter's  distance 
subtend  an  angle  of  barely  one-hundredth  of  a  second  of  arc, 
whatever  changes  might  be  produced  by  it  would  be  entirely 
unrecognisable  ;  so  that  whatever  may  be  the  density  of  its 
atmosphere,  the  efifedls  of  the  refradtion  of  light  through  it 
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would  be  entirely  undistinguishable  from  the  earth.  And 
the  entire  absence  of  any  detectable  retardation  of  the  oc- 
cultation  of  Jupiter's  satellites  is  in  itself  sufficient  to  show 
the  absence  of  any  great  depth  of  atmosphere ;  for  if  the 
increase  of  density  was  so  slow  as  to  admit  of  this,  the 
decrease  beyond  the  cloud  layers  would  be  sufficiently  slow 
to  admit  of  the  refradlion  being  detedted. 

There  is  one  point  in  connexion  with  the  maximum 
depth  of  the  atmosphere  of  Jupitir  that  requires  further 
attention,  and  that  is  certain  phenomena  seen  during  the  tran- 
sits of  the  shadows  of  the  satellites  across  the  planet.  By 
numerous  observers  it  has  been  noticed  that  occasionally 
the  form  of  the  shadow  is  not  a  black  circle,  but  a  slightly 
elongated  ellipse,  which  though  it  h^s  been  estimated  to  be 
as  much  as  half  as  long  again  as  broad,  probably  is  very  rarely 
so  markedly  elongated,  but  that  from  the  character  and  very 
delicate  nature  of  the  observations,  the  ellipticity  has  been 
as  usual  considerably  over-estimated.  It  has  been  noticed 
that  this  elongation  only  occurs  when  the  planet  is  near 
quadrature,  so  that  the  shadow  on  Jupiter  is  seen  from  a 
point  inclined  at  a  considerable  angle  to  the  axis  of  the  cone 
of  shadow. 

It  has,  however,  been  considered*  that  this  indicates  a 
peculiar  character  and  great  depth  in  the  atmospheric  enve- 
lope of  this  giant  planet,  and  from  a  series  of  nine  rough 
estimates  of  the  amount  of  this  elongation,  an  attempt  has 
been  made  to  deduce  the  depth  of  the  atmosphere  of  Jupiter 
by  assuming  the  cause  of  this  appearance  to  be  due  to  the 
passage  of  the  shadow  cone,  though  a  multitude  of  very 
thin,  delicate,  almost  translucent  clouds,  suspended  in  the 
atmosphere  of  Jupiter.  For  assuming  the  atmosphere  of 
this  planet  to  be  filled  with  delicate  clouds  of  this  nature, 
and  so  extraordinarily  transparent  as  to  permit  shades  to  be 
visible  through  immense  thicknesses  of  it,  it  can  be 
shown  that  when  Jupiter  is  near  quadrature,  the  shadow 
column  of  the  satellite  will  appear  as  an  elliptical  dark  spot, 
with  an  equatorial  penumbra.  Supposing  these  conditions 
to  hold,  from  nine  observations  the  depth  of  the  atmosphere 
of  Jupiter  is  shown  by  a  rough  method  to  vary  in  minimum 
depth  from  3200  to  9200  miles,  the  mean  of  nine  estimates 
being  5400  miles.  Even  granting  that  the  constitution  of 
the  atmosphere  supposed  in  this  hypothesis  can  be  considered 
conceivable,  and  crediting  the  atmosphere  of  Jupiter  to  be 
filled  with  delicate  clouds  sufficiently  transparent  to  enable 
graduation  of  shadow  to  be  distinAly  visible  through  an 

*  Burton,  M.  N.  Roy.  Ast.  Soc.,  vol.  xxxv.,  p.  65. 
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immense  thickness  that  must  generally  be  5000  miles,  though 
at  times  nearly  15,000  miles  in  depth,  this  explanation 
for  the  cause  of  the  elongation  is  scarcely  satisfadlory,  as 
no  account  is  taken  of  the  changes  that  must  occur  in  the 
progress  of  the  shadow  across  the  disc.  But  apart  from 
this,  the  supposition  of  such  an  immense  depth  of  semi- 
transparent  atmosphere  is  only  possible  if  the  surface  of 
Jupiter  possesses  the  tremendous  temperature  of  150,000**  C. 
— a  degree  of  heat  impossible  to  realise;  and  that  must  render 
Jupiter  a  rival  to  the  sun  in  intrinsic  brilliancy.  Now,  the 
ground  on  which  this  hypothesis  rests,  which,  considering  the 
very  small  number  of  observations  must  be  held  to  be 
extremely  slight,  may  be  divided  into  two :  first,  the  equa- 
torial penumbral  fringe,  and  secondly,  the  elongation  of  the 
shadow.  With  regard  to  the  former,  as  the  true  penumbras 
of  the  shadows  of  the  satellites  is  very  considerable,  being 
in  the  case  of  the  nearest  satellite  nearly  as  broad  as  the 
dark  shadow,  whilst  in  the  case  of  the  farthest  it  is  nearly 
four  times  as  broad,  and  yet  is  rarel}'  distinctly  to  be  seen^ 
any  penumbral  fringe  that  may  be  detected  cannot  be  well  dis- 
tinguished from  the  effeCts  of  the  true  penumbrse ;  whilst 
the  action  of  the  atmospheres  of  the  planet's  satellites  must 
still  further  complicate  the  appearance  of  the  shadow.  As 
far,  therefore,  as  any  deduction  made  from  the  presence  of 
a  penumbral  fringe  under  these  conditions,  unless  it  could 
be  shown  that  the  appearances  were  independent  of  the  true 
and  atmospheric  penumbrae,  no  legitimate  conclusion  could 
be  drawn.  But  from  the  great  variability  in  the  size  of 
shadows  of  the  satellites  on  different  occasions,  it  is  known 
that  tne  penumbral  fringe  must  be  variable.  As  there  must 
be  a  penumbra  entirely  round  the  satellite,  the  mere  inability 
on  certain  occasions  to  deteCt  it  near  the  Polar  region  can- 
not be  held  to  show  much. 

It  can,  however,  be  easily  shown  that  when  Jupiter  is  in 
quadrature  the  true  form  of  the  shadows  of  its  satellites  i& 
elliptical  without  resorting  to  any  hypotheses  of  an  extra- 
ordinarily translucent  and  deep  atmosphere.  For  taking 
the  most  unfavourable  case  of  an  equatorial  transit,  and 
putting  0  for  the  Jovian  ecliptical  longitude  of  the  shadow, 
measured  from  the  point  where  the  sun  is  in  the  zenith,  and 
considered  positive  towards  the  east,  then  denoting  by  ^z 
the  ecliptical  longitude  of  the  centre  of  the  earth,  the 
length  of  the  shadow  of  the  satellite  as  seen  from  the  earth 
will  be  obviously 

r cm  (e-eo  d  e  =  sin  (r-^O-sin  (»'-«'). 
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where — 

r=sin-'(sine+(0 
e'=sin-'(sine-rf) 

d  being  the  radius  of  the  shadow.  The  breadth  of  the 
shadow  will  be  obviously  equal  to  2d.  Now,  considering 
the  mean  radius  of  the  shadow  to  be  half  a  second  of  arc 
under  these  conditions  when  6  =  9°  (for  its  maximum  value 
11°  it  will  be  much  greater),  the  ratio  of  the  equatorial  dia- 
meter of  the  satellite  to  the  polar  will  be,  when  the  centre 
of  the  shadow  is  in  the  following  apparent  ecliptical  longi- 
tude,— 

4-80^= 1*90         -75'*=o'4o 

+  6o**=i"27        —60'' =071 

+45°= 1-15         -45°  =  o-84 

+30°=i'o7        —30**= 0*90 

The  apparent  centre  of  Jupiter  being  in  +9**,  of  course  all 
the  positive  longitude  must  be  diminished  by  9°  and  the 
negative  increased  by  9®  to  obtain  the  position  relative  to  the 
apparent  centre  of  the  disc.  It  is  evident,  therefore,  that 
for  nearly  two-thirds  of  its  course  after  entering  the  disc 
before  reaching  the  centre  the  shadow  will  appear  as  an 
ellipse,  the  elongation  gradually  diminishing.  Near  the 
centre  it  will  be  circular,  and  for  about  one-third  of  the 
final  half  of  its  passage  elliptical  in  the  reverse  direction. 
These  variations  have  been  detected  with  a  six-inch  equa- 
torial during  this  year ;  though  the  equatorial  penumbral 
fringe  which  must  necessarily  be  present  has  not  been  dis- 
tinftly  seen,  probably  on  account  of  its  exceeding  delicacy. 
Comparing  the  eife<5t  of  this  cause  with  the  only  six  cases 
mentioned  definitely  in  the  paper  referred  to,*  it  appears 
that  in  four  of  these  the  ellipticity  arising  from  this  case 
must  have  been  sufiicient  to  render  it  distin^ly  visible ;  in  one 
case  the  shadow  was  round,  and  in  the  other  most  marked'y 
elliptical  in  the  reverse  direction  to  that  seen.  As  under 
any  conditions  these  variations  must  be  undergone,  the  effedt 
that  they  would  have  in  combination  with  the  hypotheses 
assumed,  would  be  to  make  the  dark  shadow  to  all  intents 
vanish  on  occasions  before  reaching  the  limb  of  Jupiter — a 
fadl  in  itself  sufiicient  to  condemn  the  hypotheses.  But 
other  causes  might  readily  produce  the  effei^s  noticed,  espe- 
cially the  clouding  of  the  atmosphere  of  the  satellites, 
whilst  the  extraordinary  irregularities  undergone  by  the 
satellites  themselves  show  the  uncertainty  that  must  attach 
to  such  extremely  delicate  observations. 

*  M.  N.,  vol.  XXXV.,  p.  65. 
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There  are  other  points  of  some  question  in  connexion 
with  the  condition  of  the  atmosphere  of  Jupiter,  more  espe- 
cially the  shading  noticed  by  Brett,  Knobel,  and  Lassell  on 
some  of  the  minute  white  cloud-like  spots.  These  appear- 
ances are,  however,  far  from  Inconsistent  with  a  moderate 
depth  of  atmosphere,  such  as  it  has  been  shown  can  well 
be  supposed  to  exist  on  Jupiter.  But  in  these,  as  in  all 
other  points,  it  is  impradticable  to  found  any  trustworthy 
conclusion  on  so  few  observations  as  a  score  or  so,  and  nu- 
merical data  must  be  based  on  adlual  measures,  for  estima- 
tions on  these  delicate  points  can  never  be  satisfactory. 

In  considering  the  probable  atmospheric  conditions  of  the 
three  smaller  Janets  less  uncertainty  with  regard  to  the 
two  principal  unknown  quantities  exist,  for  not  only  is  there 
no  reason  for  believing  that  the  temperature  of  these  three 
planets  differs  materially  from  that  of  the  earth,  but  neither 
can  the  density  or  nature  of  their  atmospheres.  Their  com- 
parative nearness  also  allows  of  telescopic  investigation, 
affording  a  considerable  amount  of  information  with  regard  to 
their  probable  condition ;  whilst  their  astronomical  charafter 
indicate  a  great  analogy  in  constitution  of  the  earth.  It  will, 
therefore,  not  be  necessary  to  regard  them  from  the  extreme 
points  of  view  necessary  in  dealing  with  Jupiter;  whilst 
their  proximity  to  the  earth  permits  an  additional  method  of 
obtaining  information  with  regard  to  the  atmospheres  to  be 
made  use  of,  namely,  its  horizontal  refradlion. 

Mars  may  be  first  considered  as  being  the  planet  about 
whose  physical  constitution  more  information  has  been 
obtained,  from  telescopic  and  spedlroscopic  investigation, 
than  any  other.  The  appearance  of  Mars  under  favourable 
conditions  is  well  known, — a  distindt  orange  ground  with 
faint  shadings  of  brown,  yellow,  red,  and  grey,  containing 
numerous  permanent  dull  bluish  grey  markings,  whilst  the 
poles  are  marked  by  circular  brilliant  white  spots.  These 
last,  from  various  considerations,  have  been,  with  justice, 
regarded  as  due  to  accumulations  of  snow  and  ice  on  the 
poles  of  Mars  in  the  same  manner  as  on  the  earth ;  and  the 
dark  bluish  grey  or,  according  to  many  observers,  greenish 
spots  appear  to  be  true  seas  on  Mars.  The  existence  of  an 
atmosphere  to  Mars  has  been  demonstrated  by  telescopic 
observation,  which  has  shown  many  clouds,  but  apart  from 
this  is  a  necessary  corollary  to  the  existence  of  moisture  ; 
and  from  the  spectroscopic  researches  of  Huggins  and  Jans- 
sen  this  atmosphere  is  very  similar  to  our  own,  and  accor- 
ding to  the  latter  the  presence  of  moisture  is  shown  by  its 
spedtrum.    Mars  may  therefore  be  considered  to  possess  an 
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atmosphere  bearing  a  considerable  resemblance  to  our  own, 
though,  from  the  small  number  of  clouds  and  the  general 
transparency,  perhaps  slightly  inferior  in  density.  The 
temperature  at  the  surface  is  also  probably  very  similar  to 
our  own,  for  the  following  reasons : — Were  the  temperature 
of  Mars,  in  any  marked  degree,  warmer  than  oiir  own,  from 
the  presence  of  considerable  bodies  of  water,  an  envelope  of 
moisture  of  considerable  dimensions  would  be  formed,  the 
polar  ice  zones  would  be  much  smaller^  numerous  clouds 
must  at  times  occur,  and  the  column  of  aqueous  vapouf 
traversed  by  the  sunlight  refledted  from  the  surface  of  Mars 
would  be  so  considerable^  that  the  spedtroscopic  evidence  of 
its  existence  would  be  of  the  most  marked  charadler. 

Were,  however,  the  temperature  in  any  degree  much  coldef 
than  our  own,  the  seas  of  Mars  would  be  permanently  frozen 
and  snow  covered;  the  general  brightness  of  Mars  being  thus 
greater  than  the  polar  zones  even,  whilst  the  amount  of 
aqueous  vapour,  though  very  variable,  would  be  far  too  small 
to  be  revealed  by  the  speAroscope,  and  clouds  would  be  en- 
tirely absent.  Only,  therefore,  if  the  temperature  of  Mars 
resembles  that  of  the  earth  can  its  telescopic  and  spedtrO'^ 
scopic  eharafters  be  as  they  are*  The  conditions,  therefore, 
of  the  atmosphere  of  Mars,  in  so  far  as  its  density  and 
temperature  are  concerned,  may  be  regarded  as  very  similar 
to  those  of  the  earth ;  that  is  to  say  that  its  density  is 
probably  not  over  five  times  greater  or  five  times  less  than 
our  own,  and  its  mean  temperature  at  the  surface  within  40"* 
C.  of  that  of  the  earth. 

Under  these  conditions  the  law  of  decrease  of  tempera- 
ture of  th«  atmosphere  of  Mars  ceases  to  possess  the  all- 
important  eharadler  it  has  when  the  variations  in  tempera- 
ture are  more  marked,  for  the  decrease  must  necessarily  be, 
whether  slow  or  quick,  so  small  as  to  exert  comparatively 
slight  effedl.  The  conditions  are,  however,  sufficiently 
similar  to  those  of  the  earth  to  render  it  probable  that  the 
law  that  best  represents  the  rate  of  decrease  of  tempera- 
ture on  the  earth  will  also  best  represent  the  same  on 
Mars.  In  the  equations  (12),  (13),  and  (15),  putting  r= 
unity,  and/==J,  and  they  then  reduce  to  the  well  known 
equations  employed  by  Ivory,  in  his  celebrated  theory  of  the 
Astronomical  Refradtion,  regarded  by  Plana  and  other  emi- 
nent astronomers  as  best  representing  the  condition  of  the 
earth^s  atmosphere.  Substituting,  then,  the  constant  for 
Mars,  and  the  height  corresponding. to  any  given  density  of 
the  atmosphere  of  Mars  will  be  found.  From  this  it  appears 
that,  at  a  height  of  8*59  miles,  the  density  would  be  reducedi 
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to  only  half  that  at  the  surface ;  at  the  height  of  15*84 
miles,  only  one-fourth ;  at  24  miles,  only  one-tenth  ;  at  44 
miles,  one-hundredth ;  at  64  miles,  only  one-thousandth ; 
and  at  130  miles,  only  one-millionth  of  that  at  the  surface. 
When  most   favourably  placed  one  second  of  arc  at  the 
distance  of  Mars  is  equal  to  210  miles,  and  for  a  height  of 
one-fifth  of  a  second  of  arc  at  the  limb  the   atmosphere 
would  not  be  distinguishable  from  the  surface  of  the  planet. 
This  corresponding  to  42  miles,  it  is  evident  that  nearly  the 
entire  atmosphere  of  Mars,  at  the  limb,  is  so  close  to  the 
surface  as  to  be,  to  all  intents,  indistinguishable  from  it. 
This  circumstance  is  important,  for  two  Q|pultations  of  stars 
by  Mars  have  been  seen  when  no  trace  oHiny  retardation  or 
distortion  was  observed,  the  star  disappearing  sharply  and 
neatly  at  the  limb.    It  has  been  considered  that  this  indi- 
cates that  the  atmosphere  of  Mars  must  be  of  small  density, 
or  else  the  effedls  of  its  horizontal  refraction  would  have 
manifested  themselves.    From  the  small  diameter  of  Mars 
a  horizontal  refraction  of  only  one  four-hundredth  the  amount 
of  our  own  would  entirely  prevent  the  disappearance  of  a 
star  behind  Mars,  but  would  spread  the  rays  into  a  distindl 
circle  of  light  around  the  planet.    But  the  breadth  of  the 
fringe  of  atmosphere  being  thus  so  small,  only  one-hundredth 
lying  beyond  one-fifth  of  a  second  from  the  limb,  it  is  impos- 
sible to  distinguish  this  circle  of  light,  so  that  the  star  seems 
to  disappear  sharply  at  the  limb,  though  in  reality  vanishing 
at  a  fidtious  border  to  the  planet.  To  ascertain  the  effedl  of 
this  small  portion  of  the  atmosphere  beyond  this  distance 
from  the  limb,  as  the  density  of  the  atmosphere  at  this 
point  is  barely  one-hundredth  of  that  at  the  surface,  the 
following  approximate  form  of  the  equation  to  the  horizontal 
refraftion  may  be  employed : — 

To   =  6o-6"So'    V^ 

2 

where  r^  is  the  horizontal  refraAion  and  So'  the  density 
of  the  air  at  the  given  point  as  compared  with  that  at  the 
surface  of  the  earth. 

Substituting  the  value  of  fi  and  putting  the  density  of  the 
atmosphere  at  the  point  in  question  at  only  one-hundredth 
of  that  at  the  surface  of  Mars,  the  horizontal  refraction,  at 
a  distance  of  only  one-fifth  of  a  second  of  arc  from  the  true 
limb,  would  be — 

To     =    0-34"  80    . 

whilst  at  a  distance  of  only  one-third  of  a  second  of  arc 
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from  the  limb,  it  would  be  utterly  insensible  for  any  possible 
value  of  So,  the  density  of  the  atmosphere  at  the  surface 
of  Mars,  which  cannot '  be  supposed  to  be  much  more 
than  5,  but  is  probably  slightly  less  than  unity.  A  distance  of 
one-third  of  a  second  of  arc  from  the  true  limb  of  Mars  is  to 
all  intents  a  quantity  perfectly  indistinguishable,  for  the 
irradiation  at  the  border  of  the  planet  must  usually  exceed 
this,  so  that  no  effects  of  refradtion  from  the  atmosphere  of 
Mars  during  an  occultation  of  a  star  can  be  expected  to  be 
telescopically  visible.  It  will  also  be  apparent  that  extreme 
limits  of  what  can  in  any  sense  whatever  be  held  to  he  an 
atmosphere  to  Mars  must  lie  within  two-thirds  of  a  second 
of  arc  from  the  true  limb  of  Mars. 

In  certain  features  the  atmosphere  of  Venus  seems  to 
present  a  strong  contrast  to  that  of  Mars;  thus  on  the 
latter  extensive  dense  masses  of  cloud  are  very  exceptional, 
but  on  Venus  they  appear  to  be  the  rule,  so  that  it  i&  seldom 
that  the  true  surface  can  be  distindtly  seen,  whilst  the  earth 
appears  to  possess  intermediate  features.  The  evidence 
establishing  the  adlual  existence  of  an  atmosphere  to  Venus^ 
though  of  different  character  to  that  referring  to  Mars,  is 
yet  even  stronger,  depending  principally  upon  the  effeAs  of 
the  refraftion  exerted  by  it.  The  first  observation  pointing 
to  the  considerable  horizontal  refra(5lion  of  Venus  was  an 
observation  by  Andreas  Mayer,  who  observed  the  planet  when 
near  inferior  conjunction ;  the  horns  of  the  crescent  being 
prolonged  until  meeting,  the  dark  planet  was  surrounded  by 
a  ring  of  light,  throwing  the  dark  body  into  relief.  Since 
then  the  planet,  when  near  conjun(5tion,  has  repeatedly  been 
seen  as  a  dark  body  surrounded  by  a  bright  ring ;  whilst 
the  prolongation  of  the  horns  of  the  crescent  planet  has, 
under  favourable  conditions,  been  noticed  by  a  number  of 
observers  since  Herschel  and  Schroter.  In  1849  Madler^ 
from  a  series  of  careful  measures  of  the  amount  of  this 
prolongation,  determined  that  the  horizontal  refra<5lion 
necessary  to  produce  this  was  43'  42".  Lyman  in  i866» 
from  similar  measures,  found  it  to  amount  to  45'  i&'',  and 
from  a  furtlier  series  of  observations  in  1874  obtained  44'  30", 
on  both  these  occasions  seeing  the  dark  body  of  Venus  sur- 
rounded by  a  beautiful  silvery  ring  of  light.  From  these 
three  series  of  observations  the  horizontal  refra<5tion  of  the 
atmosphere  of  Venus  can  be  considered  as  determined  to  be 
44'  30''  with  tolerable  certainty,  and  the  density  of  the 
atmosphere  can  therefore  be  determined  with  a  considerable 
approach  to  accuracy ;  for  the  spe<5troscopic  observations  of 
Huggins,  Janssen,  and  Vogel  show  that  this  atmosphere  is 
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essentially  analogous  to  our  own.    The  amount  of  the  hori- 
zontal refradtion,  fully  one-sixth  greater  than  our  own,  indi- 
cates that  the  density  of  the  atmosphere  of  Venus  must 
exceed  ours ;  whilst  the  dense  mass  of  clouds,  by  retarding 
radiation,  must  render  the  decrease  of  temperature  compara- 
tively considerably  slower,  and  therefore  in  computing  the 
amount  of  the  horizontal  refradtion  due  to  any  atmosphere 
this  must  be  taken  into  account.    It  has  been  shown  by  the 
investigations  of  Laplace,  Ivory,  Bessel,  and  Lubbock,  that 
the  influence  of  the  law  of  decrease  of  temperature  on  the 
amount  of  refradtion  due  to  an  atmosphere  of  given  surface 
density  is  of  comparatively  secondary  importance,  so  that 
the  uncertainty  that  must  be  considered  to  exist  with  regard 
to  this  point  will  not  prevent  a  tolerably  accurate  value  for 
the  surface  density  of  the  atmosphere  being  obtained.    The 
great  similarity  between  the  physical  conditions  prevailing 
on  the  surface  of  Venus  to  those  on  the  earth,  in  as  far  as 
they  efifedl  the  atmospherical  laws,  renders  it  probable  that 
the  law  of  decrease  of  temperature  observed  will  not  be 
materially  different  from  that  on  the  earth,  though,  perhaps, 
slightly  slower,  whilst  the  greater  density  and  the  number  of 
clouds  may,  with  the  greater  proximity  of  the  planet  to  the 
sun,  render  the  mean  temperature  of  Venus  sensibly  greater 
than  the  earth's.   Returning,  therefore,  to  the  series  of  equa- 
tions (12)  to  (15)  it  is  necessary  to  ascertain  the  horizontal 
I'efradtion  due  to  the  passage  of  a  ray  of  light  through  such 
an  atmosphere.    The  long  and  complicated  nature  of  this 
prevents  this  being  effected  here,  owing  to  the  very  consider- 
able amount  of  horizontal  refradtion  rendering  it  necessary 
to  take  into  account  a  whole  series  of  terms  not  necessary 
even  on  the  earth,  and  the  resulting  expression  for  the  hori-> 
zontal  refradtion  contains  no  less  than  twenty-three  terms. 
Supposing,  however,  the  value  of  the  constant  /  to  be  one- 
third,  or  slightly  greater  than  on  the  earth,  owing  to  the  prob- 
ably higher  temperature  of  Venus,  whilst  putting  r=o'g,  so 
as  to  ensure  a  slightly  slower  decrease  of  temperature,  then 
for  a  surface  density  the  same  as,  and  an  atmosphere  of  simi- 
lar nature  to  the  earthy  the  horizontal  refradtion  on  Venus 
would  be-^ 

ro   =    1733"   =    28'  53" 

By  assuming  Ivory's  theory  to  hold,  the  result  would  be 
^8'  55",  or  sensibly  identical,  though  the  rate  of  decrease 
of  temperature  is  sensibly  different.  Bessel's  hypothesis 
gives  29'  9",  and  the  assumption  of  a  uniform  temperature 
which  gives  the  maximum  refradtion  29'  25";  showing  the 
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comparative  slight  influenceof  very  different  laws  of  decrease 
of  temperature.  Adopting  28'  53"  for  the  horizontal  refrac- 
tion corresponding  to  a  density  equal  to  that  of  the  earth's, 
the  true  surface  density  of  the  atmosphere  of  Venus  obtained 
from  the  value  44'  30"  for  the  horizontal  refradtion  is  =  1*546. 
This  corresponds  to  a  pressure  (measured  in  the  height  of 
the  barometer  on  the  earth)  of  1175  millimetres  of  mercury, 
or  '46*4  inches. 

The  surface  density  of  the  atmosphere  of  Venus  being 
thus  determined,  its  variation  with  the  height  above  the 
surface  can  be  ascertained.  At  3*67  miles  above  the  surface 
the  density  would  ba  only  half  that  at  the  surface,  at  seven 
miles  rather  less  than  one-fourth,  and  at  11  miles  only  one- 
twelfth  ;  which,  corresponding  to  a  height  of  nearly  eight 
miles  on  the  earth,  would  be  probably  the  limit  of  the  great  dense 
cloud-bearing  strata  of  Venus's  atmosphere.  At  a  height  of 
20  miles,  the  density  of  the  atmosphere  would  be  only  one- 
hundredth  that  at  the  surface,  a  height  of  30  miles  would 
reduce  it  to  one-thousandth,  39  miles  to  one-ten-thousandth, 
and  58  miles  to  one-millionth,  where  it  may  be  regarded  as 
sensibly  becoming  evanescent.  Under  the  most  favourable 
condition,— it  requiring  over  100  miles  to  subtend  one-second 
of  arc  at  the  distance  of  Venus, — ^the  insignificant  nature  of 
the  breadth  of  the  layer  of  the  atmosphere  of  Venus  is 
apparent,  and  the  great  difficulty  of  detedling  it  manifest. 
Ninety-nine-hundredths  of  the  atmosphere  of  Venus  lies 
within  one-fifth  of  a  second  of  arc  from  the  limb  of  the 
planet,  and  is  under  ordinary  conditions  absolutely  indistin- 
guishable from  it ;  and  almost  the  entire  remaining  portion 
lies  within  half  a  second  of  arc,  the  whole  atmosphere  be- 
coming sensibly  evanescent  at  a  distance  of  two-thirds  of  a 
second. 

Inoccultations  of  stars  by  Venus — a  phenomenon  compara- 
tively rarely  visible — as  no  sensible  refraftion  would  ensue 
from  the  effedls  of  Venus's  atmosphere  until  the  star  was 
within  a  third  of  a  second  of  arc  from  the  planet,  it  would 
be  utterly  undetedlable  at  that  distance,  for  the  brightness  of 
the  planet  is  so  great  as  to  cause  an  amount  of  irradiation  at 
the  limb  far  greater  than  this,  so  that  the  star  would  disap- 
pear at  the  bright  fidlious  limb,  as  if  no  atmosphere  existed  ; 
but  at  the  dark  limb  of  the  planet  under  favourable  condi- 
tions a  beautiful  and  delicate  ring  of  light  might  be 
momentarily  dete<5led  flashing  round  the  dark  body  of  the 
planet  before  immersion. 

Considerable  discussion  has  arisen  in  connedtion  with  the 
observations  of  the  late  transit  of  Venus  from  theobser\'ation 
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of  i  beautiful  silvery  ring  of  light  around  Venus  during^ 
ingress,  enabling  the  entire  disc  of  the  planet  to  be  seen  lon^ 
before  reaching  the  interior  contadl.  This  very  delicate  ring 
of  light  appears  to  have  been  considerably  brighter  than  the 
sun's  limb,  and  forming  a  fine  brilliant  very  delicate  line  of 
light  round  the  portion  of  the  dark  planet  off  the  solar  disc. 
Though  this  appearance  seems  to  have  been  quite  unexpected 
to  the  majority  of  the  observers,  it  is  a  feature  that  the 
results  of  Madler  and  Lyman  showed  might  be  expedted, 
and  appears  indeed  to  have  been  recorded  by  several  of  the 
observers  during  the  transits  of  Venus  of  the  last  century. 
There  can  be  no  question  but  that  it  arises  from  the  hori- 
zontal refraction  of  the  atmosphere  of  Venus,  though  not 
at  first  sight  quite  in  accordance  with  the  results  already 
obtained  with  reference  to  the  dimensions  of  the  atmosphere 
of  that  planet ;  for  although  it  has  been  shown  that  the 
thickness  of  the  sensible  atmosphere  of  Venus  was  only 
one-fifth  of  a  second  of  arc,  the  breadth  of  this  ring  of 
light  was  estimated  to  be  less  than  one-second  of  arc,  or 
probably  about  two-thirds  of  a  second  of  arc.  It  is  mani- 
fest, however,  that  this  so  far  from  being  inconsistent  with 
the  small  breadth  of  the  atmospheric  zone  of  Venus  is 
exactly  what  was  to  be  anticipated  for  the  effeCts  of  the  spu- 
rious disc  arising  from  diffraction,  which  would  increase 
the  apparent  breadth  of  the  line  of  light  from  a  thickness. 
of  only  one-fifth  of  a  second  to  nearly  one  second.  The 
superior  brilliancy  of  the  line  of  light  around  Venus  to  the 
limb  of  the  sun  is  also  easily  understood,  for  it  is  well  known 
that  the  solar  limb  is  far  inferior  in  brightness  to  the  central 
portion ;  but  the  light  refraCled  in  any  one  direction  by  Venus, 
is  composed  of  rays  from  every  portion  of  the  solar  surface, 
and  consequently  would  be  far  nearer  the  brightness  of  the 
central  portions  of  the  solar  disc  than  that  of  limb,  and 
even  allowing  for  a  considerable  amount  of  absorption  by 
the  passage  through  the ,  atmosphere  o^- Venus  would  be 
still  superior  in  brightness  to  the  limb  of  the  sun.  More- 
over, as  the  horizontal  refraCtion  of  Venus  is  so  far  greater 
than  the  semi-diameter  of  the  sun,  it  is  evident  that  the 
principal  rays  which  pass  through  the  extreme  low-lying 
strata  of  Venus's  atmosphere  would  fail  to  reach  the  earth 
when  the  planet  was  crossing  the  solar  limb,  from  being 
refracted  too  much.  It  is  easily  shown  that  the  horizontal 
refraction  of  Venus's  atmosphere  being  nearly  45',  the  prin- 
cipal solar  rays  refraCted  to  the  earth  by  Venus's  atmosphere,, 
when  the  planet  was  crossing  the  solar  edge,  would  traverse 
the  atmosphere  of  the  planet  at  a  height  of  nearly  six 
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miles  above  the  surface,  far  above  any  surface  vapours 
that  alone  powerfully  diminish  the  solar  light  and  pass 
through  a  column  of  atmosphere  at  its  densest  point,  not 
one-half  the  density  of  the  air  near  the  earth's  surface. 
The  solar  rays  would  traverse,  therefore,  the  atmosphere  of 
Venus  with  scarcely  any  diminution  in  intensity,  and 
appear  thus  brighter  than  the  dusky  limb  of  the  sun,  and 
from  the  contrast  with  the  dull  orange  or  reddish  tinge  of 
the  solar  border  appear  silvery  in  hue. 

The  rapid  disappearance  of  the  very  delicate  line  of  light 
after  the  planet  had  left  the  solar  disc  is  a  phenomenon  not 
very  satisfactorily  explainable,  and  must  be  regarded  as  pre- 
senting a  difficulty.    The  brilliancy  of  the  light  refradled  by 
the  atmosphere  of  course  very  rapidly  diminishes  with  the 
increase  of  distance  from  the  border  of  the  sun,  both  from  a 
less  amount  of  light  being  refraAed  and  from  its  traversing 
a  longer  and  far  denser  column  of  atmosphere ;  but  this  by 
itself  is  scarcely  sufficient  to  account  for  its  complete  dis- 
appearance.   The  presence  of  clouds  or  mist  in  the  lower 
lying  strata  of  the  planet's  atmosphere  is  of  course  ade- 
quate to  entirely  account  for  the  observed  phenomena,  and 
may  well  have  been  its  origin  ;  but  still  it  can  scarcely  be 
regarded  satisfactory  to  have  to  assume  the  existence  of  a 
convenient  band  of  clouds  where  they  were  wanted,  and 
nowhere  else.     Probably    the   disappearance  arose  partly 
from  the  weakening  of  the  solar  light,  but  mainly  from  the 
disappearance  of  the  dark  body  of  the  planet,  which,  when 
visible,  would  at  once  diredl  the  eye  to  the  position  of  the 
delicate  ring,  and  by  contrast  throw  it  strongly  into  relief, 
whilst,  when  this  had  to  a  great  extent  disappeared,  the  deli- 
cate ring  of  light  would  be  a  very  difficult  objeft  to  detedl 
through  a  dark  glass.    That  the  ring  of  light  had  not  dis- 
appeared is  unquestionable ;  for  it  was  seen  perfedl  by  Lyman 
with  great  distinctness  (without  a  dark  glass)  five   hours 
before  ingress,  and  still  in  part  a  considerable  time  after  the 
transit. 

A  point  of  some  interest  in  connection  with  this  silvery  ring 
of  light  was  its  forming  close  to  the  pole  of  Venus  a  bright 
spot,  according  to  the  Australian  observers,  which  it  has 
been  suggested  may  arise  partly  from  a  greater  refraCtion, 
owing  to  the  greater  density  of  the  colder  atmosphere  near 
the  poles,  combined  with  reflection  from  the  snow  or  ice  zone 
of  the  planet.  If  the  atmosphere  was  fairly  free  from  cloud 
towards  the  poles,  something  similar  to  this  might  be 
expected ;  for  the  Italian  observers  under  Tacchini  have 
ascertained  the  presence  of  moisture  in  the  atmosphere  of 
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Venus,  showing  the  presence  of  seas,  and  rendering  it  pro- 
bable that  this  planet,  like  the  earth  and  Mars,  must  possess 
ar<5liG  and  antardtic  cold  ice  zones  which,  refledling  those  rays 
refra<5led  obliquely  on  them,  would  appear  as  a  white  spot. 

To  this  refra<aion  of  the  solar  rays  by  the  atmosphere  of 
Venus  may  perhaps^  in  great  part,  the  appearance  of 
the  planet  when  near  conjundlion  as  a  black  disc  on  a 
lighter  ground  be  ascribed ;  the  dark  portion  of  the  planet 
being  defined  partly  by  light  refrafted,  and  partly  by  light 
refledled,  from  the  planet's  atmosphere. 

A  feature  of  peculiar  interest  noticed  during  the  late 
transit  was  a  faint  grey  halo  around  Venus,  perhaps  ten 
seconds  of  arc  in  breadth,  or  over  one  thousand  miles,  and 
this  appears  also  to  be  detedlable  in  the  photographs.  That 
it  could  possess  nothing  in  common  with  the  bright  extremely 
narrow  line  due  to  the  refradtion  of  the  solar  rays  by  the 
atmosphere  of  Venus  its  great  size  leaves  unquestionable ; 
for  the  atmosphere  of  Venus  must  be  considered  absolutely 
evanescent  at  only  one-tenth  of  the  breadth  of  this  halo  of 
dull  light,  whilst  its  having  been  photographed  shows  it  is 
not  a  matter  of  contrast.  It  appears  to  have  been  only 
visible  around  the  portion  of  Venus  on  the  sun  ;  but  border- 
ing the  planet  on  the  solar  disc  the  photographs  show  an 
extra  deposit  of  silver,  probably  in  some  way  connected  with 
this  remarkable  halo,  though  possibly  this  last  may  be,  as 
suggested  by  Ranyard,  of  independent  origin,  it  having  been 
found  during  photographs  of  solar  eclipses.  From  its  small 
breadth  the  atmospheric  fringe  of  Venus  will  exert  so  small 
an  influence  that  there  will  be  no  need  to  take  its  effedts 
into  consideration  in  determining  the  solar  parallax  from 
the  results  of  the  late  transit,  except  in  considering  the 
time  of  contadl  obtained  by  the  use  of  the  spedlroscope. 
In  these  observations  the  effefts  of  the  refradtion  of  the 
solar  rays  by  Venus  might,  perhaps,  be  found  to  require 
attention  in  determining  the  instant  of  contadt,  and  indeed, 
from  these  observations,  an  independent  determination  olf 
the  horizontal  refradtion  might  be  obtained. 

With  regard  to  Mercury,  the  slight  acquaintance  with  the 
appearance  of  this  planet  renders  its  probable  atmospheric 
condition  less  certain  than  in  the  case  of  its  two  companions, 
Venus  and  Mars.  Yet  the  presence  of  an  atmosphere  indi- 
cated by  the  observation  of  Schroter,  Madler,  and  Secchi,  is 
fully  confirmed  by  the  bright,  though  extremely  delicate, 
ring  observed  round  the  planet  during  its  solar  transits. 
Like  Venus,  the  real  surface  of  the  planet  appears  covered 
with  dense  masses  of  cloud  usually,  and  only  very  rarely 
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tan  perhaps  its  actual  surface  be  seen.  Supposing*  the  law 
ojf  variation  in  temperature  to  be  analogous  to  that  on 
Venusi  the  rate  of  decrease  of  density  on  Mercury  would  be 
as  under,  being  slower  on  this  planet  than  any  other  in  the 
solar  system  ;  and  thus,  were  not  the  planet  always  in  so 
close  proximity  to  the  sun,  would  render  Mercury  the  most 
favourable  member  of  our  system  to  study  atmospherical 
effedls. 

At  a  height  of  11  miles  the  density  would  be  halved^  at  3 J 
miles  reduced  to  one-tenth,  at  62  miles  to  only  one-hundredth^ 
at  90  miles  to  one-thousandth,  and  at  200  miles  become 
utterly  insensible.  As  under  the  most  favourable  conditions 
one  second  of  arc  at  the  distance  of  Mercury  from  the  earth 
is  over  200  miles  in  length,  it  is  evident  that  on  Mercury^  as  all 
the  other  planets,  the  border  of  atmosphere  is  so  shallow 
that  on  the  limb  it  would  be  to  all  intents  perfeAly  undis- 
tinguishable^  From  grey  spots  that  have  repeatedly  been 
seen  by.  observers  during  the  transits  of  Mercury  on  the 
planet,  it  is  possible  that  the  atmosphere  of  Mercury  may 
be  of  very  considerable  density,  so  as  from  the  combined 
effedts  of  refradtion  and  reflection  to  produce  these  otherwise 
inexplicable  markings.  And  the  supposed  great  density  of 
Mercury's  atmosphere  receives  some  support  from  the  rosy 
tinge  of  the  planet  noticed  by  De  la  Rue,  and  the  ill-defined 
border  detected  by  Secchi. 

^  From  the  formulae  already  given,  by  assuming  other  condi- 
tions to  hold  upon  the  planets  besides  those  that  have  been 
adopted  in  the  above,  any  possible  atmospheric  condition 
can  be  easily  found,  it  only  being  necessary  to  suitably 
determine  the  several  constants.  It  will,  therefore,  be  pos- 
sible to  test  any  supposed  condition  by  assuming  it  to  hold, 
and  ascertaining  whether  it  infringes  any  of  the  theoretical 
conditions ;  but  it  will  appear  that  the  two  extreme  limits 
of  an  atmosphere  to  a  planet  of  the  solar  system  will  lie 
between  the  two  conditions  of  a  uniform  temperature  and 
uniform  density,  the  one  giving  the  maximum  and  the  other 
the  minimum  depth. 
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IV.    THE  POSSIBILITY  OF  A  FUTURE  LIFE.* 

REATy  even  in  this  sdf^applauding  nineteenth  cen- 
tury, is  the  amount  of  man^s  ignorance,  and  over 
much  that  he  is  supposed  to  know  there  brood  not  a 
few  clouds  of  difficulty  and  doubt>    Still  it  cannot  be  denied 
that  we  have  made  some  progress.     In  certain  directions  at 
least  we  have  been  able  to  trace  out  the  limits  within  which 
the  knowable  is  included^     Even   concerning  the  origin 
of  things, — confessedly  one  of  the  most   difficult  of  all 
imaginable  questions — ^if  we  have  not  come  to  the  ex* 
aft  truth  we  have  been  able  to  narrow  the  number  of  con- 
ceivable hypotheses  and  to  strike  out  for  ever  not  a  few 
errors.     A  century  ago  it  was  still  possible  for  any  one 
so  disposed  to  maintain  that  the  earth  and  the  sun  as  we 
now  see  them  had  existed  from  all  eternity,  and  would  con- 
tinue such  as  they  are  for  ever  and  ever.    His  views  Would 
of  course  have  been  denounced  by  theologians  as  heretical, 
and  as  opposed  to  the  Christian  code  of  Revelation,  but  on 
purely  scientific  grounds  and  by  purely  scientific  methods  he 
could  not  have  been  fairly  confuted.    Now,  from  our  re- 
searches into  the  attributes  of  Force,  no  less  than  from 
geological  investigations,  all  this  is  changed.  We  know  that 
neither  sun  nor  earth  can  have  existed  from  all  eternity. 
That  both  had  an  origin  in  time,  and  that  both,  in  time, 
must  come  to  an  end,  are  truths  as  firmly  grasped  by  men  of 
science  as  is  the  rotation  of  the  planets.    We  can  no  longer 
conceive  of  the  sun  as  an  infinite  source  of  force  which  can 
go  on  for  ever  pouring  light  and  heat  into  space  without 
being  exhausted.    Nor  have  we  now  any  longer  a  warrant 
for  regarding  it,  according  to  the  clever  device  of  some  literal 
interpreters  of  the  Mosaic  cosmogony,  as  a  mere  light- 
bearer — as  a  body  dark  and  cold  per  se,  but  specially  invested 
some  time  after  its  coming  into  existence  with  a  luminous  and 
thermic  external  stratum,  or  "  photosphere."  Nor  if,  leaving 
earth  and  sun  out  of  the  question,  we  turn  our  attention  to 
the  distant  stars,  do  we  fail  there  also  to  recognise  marks  of 
a  beginning  and  an   end.    We  see  stars  of  a  pure  white 
lustre,  others  which,  like  our  own  sun,  bum  with  a  dimmer 
and  yellower  fire,  and  others  darker  still,  which  pour  out  a 
radiance  coppery-red  or  greenish-blue.    We  have  even  within 
the  short  space  of  our  scientific  annals  records  of  stars 
which  have  grown  less  bright,  or  which,  like  the  lost  Pleiad, 
have  become    invisible.      We  read  of  stars    which    have 

*  The  Unseen  Universe ;  or,  Physical  Speculations  on  a  Future  State. 
London :  Macmillan  and  Co. 
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suddenly  blazed  up*  with  an  unwonted  splendour  and  have 
after  a  time  gradually  faded  away.  These  phenomena  we 
can  only  interpret  in  a  manner  which  foretells  the  ultimate 
fate  of  our  earth,  of  its  sister-planets,  and  of  the  sun  itself. 

Again,  we  cannot  fail  to  perceive  that  there  is  in  all  the 
forces  of  nature  a  gradual  tendency  to  an  equilibrium.  One 
day  that  equilibrium  will  be  attained.  The  last  weight  will 
have  reached  its  level.  The  last  molecule  of  matter  will 
have  satisfied  its  strongest  affinity.  All  parts  of  the  universe 
will  be  equally  hot,  and  no  light-wave  will  cross  the  regions 
of  space.  All  these  considerations  throw  a  valuable,  though 
indireA,  light  upon  the  origin  of  the  universe.  They  com- 
pel us  to  infer  that  not  merely  this  or  the  other  heavenly 
body  as  now  existing  cannot  have  existed  for  ever,  but  that 
the  whole  must  have  had  a  beginning, — that  the  day  was  .>i^f,^  -? 
when  it  had  not  yet  originated.  li\^  >► ' 

Now  there  are,  we  know,  three  theories,  and  as  far  as  we  * 

are  able  to  imagine  only  three,  concerning  the  origin  of  the 
universe, — ^the  atheistic,  the  theistic,  and  the  pantheistic. 
The  first  mentioned  may  be  presented  in  a  double  form. 
Either  it  regards  the  universe  as  having  existed  from  all 
eternity,  or  it  considers  it  as  having  been  self-created.  In 
the  light  of  modem  science  neither  of  these  views  can  be  % 

pronounced  tenable.  Its  present  activity,  as  far  as  we  know, 
gives  the  lie  to  its  alleged  infinite  past.  Nor  can  we  conceive 
how  a  imiversal  and  equally  diffused  medium  could  at  some 
given  point  of  time  suddenly  differentiate  itself  and  begin 
the  process  of  world-building.  Did  the  primal  atoms  or  the 
ether  possess  such  power  it  could  not  have  remained  latent. 

One  refuge  indeed  remains,  but  this  is  in  its  nature  doubt- 
ful in  the  extreme.  There  tnay  be  some  power  by  which  this 
general  tendency  to  an  equilibrium  is  counteradled,  and  in 
such  a  case  the  universe  as  a  whole  may  go  on  from  eternity 
to  eternity.  But  in  all  our  researches  we  have  hitherto  met  . 
with  no  proof  of  its  existence, — ^no  trace  of  its  operations. 
Thia  may  not  indeed  be  held  to  justify  us  in  absolutely  deny- 
ing the  existence  of  such  a  power  or  such  a  process.  But 
still  less  shall  we  be  warranted  in  building  upon  it,  as  if 
demonstrated.  The  advocates  of  the  atheistic  hypothesis 
can  surely  not  blame  us  if  we  here  quote  the  old  saying,  De 
nan  apparentibus  et  non  existfntibus  eadcm  est  ratio. 

Such,  then,  is  one  of  the  results  of  modem  physical  science 
that  it  has  rendered  the  idea  of  an  eternally  existing,  or 
self-created,  universe  well<iigh  unthinkable. 

But  there  is  also  another  principle  perhaps  of  even  wider 
bearing  than  the   idea  of  the  conservation  of  force — a 
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principle  which  has  slowly  and  gradually  attained  recognitiooj, 
iu)d  which  is  known  to  some  as  the  Law  of  Uniformity  and  ta 
others  as  the  Principle  of  Continuity.  This  principle  is  at 
once  valuable  and  dangerous,  safe-guiding  and  misleading^ 
Without  it  science  would  be  impossible,  but  with  it  grievous, 
errors  may  gain  recognition.  The  danger  of  the  principle 
is  that  every  theorist  pronounces  events  or  fa^s  that  suit 
his  views  in  perfect  harmony  with  its  requirements.  **  Con- 
tinuity, in  fine/'  say  two  able  modem  writers,  **  does  not  pre- 
clude the  occurrence  of  strange,  abrupt,  unforeseen  events  in 
the  histoiy  of  the  universe/*  The  principle  is  commonly  based 
upon  our  almost  instindlive  tendency  to  expedt  that  what 
bas  happened  once  will,  under  the  same  circumstances,  hap-, 
pen  again.  It  is  a  curious  fa£t  that  those  least  willing  and 
able  to  recognise  the  law  of  uniformity,  as  a  general  prin- 
ciple, are  often  most  premature  in  expecting  the  recurrence 
pf  any  particular  case.  The  very  dog  or  cat  whom  you  have 
once  fed  ezpeAs  a  repetition  of  the  gift  whenever  you 
lippear. 

The  authors  just  quoted  place  it,  however,  on  a  new  and 
strange  basis :  *^  Assuming,**  they  say,  **  the  existence  of 
$L  Supreme  Governor  of  the  Universe,  the  principle  of  Con- 
tinuity may  be  said  to  be  the  definite  expression  in  words  of 
a  trust  that  He  will  liot  put  us  to  permanent  intelledlual 
confusion/'  We  cannot  see  that  the  principle— common  in 
its  outlines  to  man  and  beast — can  be  fairly  connected  with 
the  Ood-idea  at  all.  Nor  must  it  be  forgotten  that  its  general 
application  has  been  strongly  insisted  on  by  atheists  and 
pantheists,  and  as  strongly  resisted  by  theists  as  being  in- 
<:onsistent  with  the  belief  in  a  special  Providence  and  in  the 
efficacy  of  prayer. 

This  brings  us  to  the  interesting  and  subtle  attempt  made 
bv  the  late  Charles  Babbage,  in  his  *'  Ninth  Bridgewater 
•  Treatise,"  to  reconcile  miracles  with  law  by  showing  that 
they  were  not  infractions,  but  cases  foreseen  and  pre- 
ordained after  the  manner  illustrated  in  his  calculating 
engine.  But  it  seems  to  us  that  our  confidence  in  uniformity 
is  equally  violated  by  any  exceptional  case,  as  far  as  we  are 
concerned,  whether  such  case  has  been  pre-arranged  by  any 
higher  power  or  not.  If  we  had  the  misfortune  to  see  on 
^ome  particular  day  a  solid  block  of  iron  floating  in  the 
Thames,  our  confidence  in  what  is  called  '*  law  "  would  be 
at  an  end.  For  we  should  never  be  able  to  foresee  whether 
such  a  case— pre-arranged  if  you  will — might  not  recur  on 
any  future  occasion.  If  once  you  show  to  us  solid  iron 
awi|npiing«  the  idea  of  specific  gravity  has  no  longer  for  us^ 
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any  meaning.  Nor  can  we  refrain  from  pointing  out  that 
events  which  seem  to  be  departures  from  uniformity  become 
rarer  and  rarer  in  the  exa£l  proportion  as  nations  attain  a 
higher  culture,  and  as  the  facilities  for  recording  occurrences 
become  greater. 

Upon  the  doArine  of  the  Conservation  of  Force  and  upon 
the  Principle  of  Continuity  there  has  been  based  a  new  and 
original  attempt  to  prove  modem  science  compatible  with 
jthe  teachings  of  Christianity. 

Reconciliation  between  Religion  and  Science,  we  may  here 
jask — ^wherefore?  What  legitimate  ground  is  there  for  a 
disagreement  between  them  ?  Let  us  bring  up  as  arbitrator 
not  the  much-talked-of  ^'intelligent  foreigner/'  but  that 
still  more  mythological  being  the  inhabitant  of  another 
world, — if  in  virtue  of  recent  interpretations  of  the  Law  of 
Continuity  our  passions  are  not  now  supposed  to  extend 
over  the  whole  universe.*  Let  us  ask  him  as  touching  this 
supposed  need  of  a  reconciliation.  Might  he  not  well  reply 
that  Religion  and  Science  address  themselves  respectively 
to  different  phases  of  man's  nature ;  that  their  ends  and 
their  fun(^ions  are  widely  distinA,  neither  being  able  to 
supply  the  place  of  the  other ; — that  even  when  regarding 
the  same  object  or  faA,  they  view  it  from  different  aspedts.t 
Might  he  not  tell  us  that  in  his  interstellar  wanderings  he 
had  met  with  a  race  equal  or  superior  to  ourselves  intellec- 
tually and  mighty  in  science,  yet  devoid  of  those  emotions 
and  passions  which  make  up  the  main  tissue  of  normal 
human  life  and  to  which  Religion  addresses  itself  ?  Might 
he  not  remind  us  that  in  the  person  of  Henry  Cavendish  our 
own  species  had  produced  at  least  an  approximate  instance 
of  such  a  being  ?  On  the  other  hand,  he  might  describe  to 
us  creatures  far  inferior  to  man  in  intelledt  and  incapable  of 
that  systematised  interpretation  of  the  universe  which  we 
call  science  and  yet  filled  with  an  intenser  moral  life.]:    We 

*  See  Sir  D.  Brewster's  **  Plurality  of  Worlds,*'  passim.  The  same  author 
in  his  inaugural  address  as  President  of  the  British  Association  in  1850  said : 
— *'  If  men  of  ordinary  capacity  possessed  that  knowledge  which  is  within 
their  reach  and  had  that  fait)i  in  science  (?)  which  its  truths  inspire,  they  would 
see  in  every  planet  around  them,  and  in  every  star  above  them,  the  home  of 
immortal  natures,  of  beings  that  suffer  and  of  beings  that  rejoice,  of  souls  that 
are  saved  and  of  souls  that  are  lost  1 " 

t  '*  The  golden  side  of  Heaven's  great  shield  is  laith ;  the  silver,  reason.*^—- 
Bailby's  **  Festus." 

I  It  will  be  understood  that  the  term  **  moral "  is  not  here  used  in  antithesis 
to  "immoral,"  which  it  in  this  sense  includes,  but  in  contra-distindion  to 
'*  physical "  and  to  **  intelledual."  It  is  well  known  that  the  religious  world 
are  generally  more  lenient  to  the  man  of  strong,  though  ill-regulated,  passions, 
than  to  one  like  Cavendish,  whose  moral  nature  is,  so  to  speak,  atrophied,  and 
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do  not  think  that  it  would  be  difficult  to  find  examples  of 
individual8>**perhaps  even  of  races, — tending  in  this  direc- 
tion. There  ar^i  then,  in  mankind  as  it  actually  exists  two 
types  more  or  less  strongly  marked.  On  the  one  hand,  we 
find  the  men  of  intelleA,  of  speculation-fusing  the  term  in 
its  German  acceptation— objective  in  their  aims,  and  seeking 
every  where  for  law  and  sequence*  On  the  other  hand,  we 
perceive  the  men  of  moral,  emotional  life,,  subjedtive,  craving 
m  all  things,  and  above  all  things  for  personality,  will,  pur- 
pose. The  authors  of  the  work  before  us  recognise  the 
existence  of  these  two  classesr«-K>r,  better,,  two  tendencies — 
under  the  names  of  followers  of  the  '*  How  "  and  disciples 
of  the  "  Why,**— though  they  fail  to  see  much  which  this 
distindtion  involves. 

We  have,  then,  before  us  two  variables,  each  of  which 
may  be  increased  or  decreased  without  producing  any  cor- 
responding or  even  inverse  augmentation  or  diminution  in 
the  other ;  nay,  either  of  which  might  conceivably  be  wholly 
wanting.  Is  not  this  proof  sufficient  of  mutual  indepen* 
dence,  isolation  ?  Our  imagined  visitor  from  Procyon  or 
Vega  might  sureljr  then  declare  that  between  tendencies, 
both  penedlly  legitimate,  yet  at  the  same  timo:  mutually 
independent,  collision  cannot  have  arisen  without  the  aid  of 
much  depraved  ingenuity.  Disputes  between  Religion  and 
Science— or,  in  other  words,  between  man  the  believer  and 
man  the  discoverer — are  about  as  rational  as  war  between 
two  sets  of  beings  inhabiting  different  media,  and  each 
incapable  of  existing  in  the  sphere  of  the  other. 

But  unfortunately  the  Christian  records,  like  those  of  vari- 
ous  so-called  Heathen  systems,  open  with  a  cosmogony.  Or 
let  us  rather  say  unfortunately  ecclesiasticism  will  persist  in 
treating  this  magnificent  poem  as  a  literal  history.  Upon 
this  cosmogony,  coupled  with  certain  passages  in  the  Hebrew 
and  Greek  Scriptures  capable  of  being  treated  as  astro- 
nomical, physical,  geological,  and  biological  utterances,  it  has 
founded  a  code  of  natural  philosophy.  To  rejedt  this  code, 
or  to  bring  forward  either  deductions  or  fadls  at  variance 
therewith,  it  has  anathematised  as  'infidelity."  Hino 
ilia  lacryma !  The  quarrel,  if  quarrel  it  be,  has  been  be- 
gun, not  indeed  by  Religion,  but  by  those  who  took  upon 
themselves  to  speak  in  her  name  and  defend  her  supposed 
interest.  On  the  other  hand,  the  followers  of  Science,  not 
content  with  insisting  upon  their  own  rights,  executed  from 

whose  life  is  free  from  all  vices  because  the  energies  of  his  beinpr  are  totally 
absorbed  in  speculative  research.  Said  an  eminent  German  Pietist,  Count 
2inaendorf :~"  Between  devotion  and  lust  there  is  but  one  step." 
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time  to  time  counter-raids,  more  or  less  injudicious — of  which 
Dr.  TyndaU's  Belfast  Address  is  one  of  the  latest  instances^ 

Now  the  way  to  end  this  fruitless  feud  is  the  simplest 
thing  possible.  Let  both  parties  enter  into  a  treaty  of  "  let 
be  for  let  be  "  as  it  is  called  in  homely  phrase.  Lrct  divines 
cease  to  judge  scientific  theories  by  theological  standards, 
and  to  preach  against  the  researches  of  Darwin.  Let  men 
of  science,  in  turn,  cease  to  proclaim  everything  non-existent 
and  inconceivable  which  they  cannot  weigh  in  the  balance 
or  observe  with  the  speAroscope.  Let  each.  Religion  and 
Science;  be  content  to  pursue  its  own  objects  by  its  own 
methods,  and  for  the  reconciliation  of  difficulties  let  both 
wait  in  faith.  Such  a  settlement  was  first  hinted  at  by 
Giordano  Bruno  and  was  advocated  in  full  by  Galileo  in  his 
celebrated  letter  to  the  Dowager  Grand-Duchess  Cristina  of 
Tuscany.  Here  he  contends  that  the  Scriptures  have  no 
claim  to  be  received  as  a  scientific  revelation ;  that  on  astro-* 
nomical  and  physical  questions, — ^to  which  we  might  now 
add  geological  and  biological, — they  convey  merely  the 
notions  current  at  the  times  when  they  were  written. 

If  we  accept  this  view  all  difficulty  is  at  an  end.  But 
there  are  many  who  seek  to  bring  about  a  reconciliation,  not 
by  relegating  Religion  and  Science  each  to  its  own  depart- 
ment, but  of  bringing  them  inco  harmonious  inter-depend- 
ence. Many  have  been  the  attempts  made  in  this  direction, 
agreeing  perhaps  in  nothing  save  the  unsatisfactory  charadter 
of  their  results.  Some  have  extraAed  systems  of  science 
from  Hebrew  roots  under  high-pressure  philology,  a  mental 
diet  analogous  to  the  soup  obtained  from  old  bones  in  Papin's 
digester.  Others  have  sought-  reconciliation  by  denying  or 
explaining  away  the  most  elementary  truths  of  science.  As 
an  instance  of  this  method  we  may  recall  the  existence  of  a 
book, — some  few  copies  of  which  may  have  escaped  the 
hands  of  the  trunk-maker  and  the  butterman — entitled 
"  Errors  in  Eleftricity,  Magnetism,  and  Chemistry,"  by  a 
F.R.S.  In  this  perhaps  the  only  really  noteworthy  pas- 
sage was  the  author's  solemn  confession  that  he  had  never 
made,  individually  or  by  proxy,  a  single  experiment  in  any 
of  the  sciences  for  which  he  undertook  to  legislate. 

The  writers  of  the  book  before  us  are  of  a  very  different 
grade,  and  bring  to  their  task  far  higher  qualifications.  They 
are  beyond  dispute  men  of  science,  well  acquainted  with  the 
latest  achievements  of  modern  research  and  willing  to  accept 
them  as  true.  They  receive  for  instance  the  nebular  hypo- 
thesis concerning  the  origin  of  the  heavenly  bodies, — a  view 
not  merely  anathematised  by  divines,  but  which  even  a 
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philosopher  like  Sir  David  Brewster  could  scarcely  namef 
with  patience.  They  admit  the  still  more  dreaded  doctrine 
of  organic  evolution,  and  do  not  even  positively  insist  on  the 
necessity  of  a  special  intervention  for  the  origin  of  man. 
This  is  much.  But  they  go  still  further;  they  distinftly 
formulate  the  view  that  man  is  not  merely  entitled,  but  even 
bound,  to  push  back  as  far  as  possible  all  such  Divine  inter- 
vention* 

We  must  beg  our  readers  to  make  especial  note  of  an  admis- 
sion so  pregnant. 

Nevertheless  iht  writers  are  theologians  even  more  de- 
cidedly than  philosophers.  They  are  at  home  in  the  sphere' 
of  the  divine^  and  regard  everything  instinctively  from  his 
point  of  view.  They  are  familiar  with  the  Bible  and  with 
the  views  of  commentators.  They  are  versed  in  the  my- 
thology of  all  nations.  **  The  existence  of  a  Deity  who  is 
the  Creator  of  all  things  "  they  **  assume  as  absolutely  self- 
evident," — one  of  their  critics  remarking  in  reply  that  "  it  is 
evident "  is  merely  another  mode  of  saying  ^'  I  do  not  know 
how  to  prove."  But  for  all  this  we  doubt  whether  religious 
orthodoxy  will  accept  them  as  its  duly  authorised  advocates 
and  representatives.  Their  Deity,  though  tri-une,  has  a  less 
personal  and  more  pantheistic  charaAer  than  Christianity 
recognises.  Nay,  if  we  do  not  misunderstand  the  authors, 
they  seem  to  surmise  that  the  creation  of  the  universe  may 
have  been  effeAed,  not  by  the  Supreme  himself,  but  by  sub- 
ordinate though  still  mighty  agents.  On  the  origin  of  Evil^ 
also,  their  views  can  scarcely  be  accepted  as  orthodox.  They 
regard  it  as  **  eternal,"  not  confined  to  that  planet  whieb 
we  inhabit,  and  they  remark  that  '*  the  dark  thread  knowa 
as  evil  is  one  which  is  very  deeply  woven  into  that  garment 
of  God  which  is  called  the  Universe."  They  urge  also  that  r 
— "  The  matter  of  the  whole  of  the  visible  universe  is  of  a 
piece  with  that  which  we  recognise  here,  and  the  beings  of 
other  worlds  must  be  subje6t  to  accidental  occurrences  from 
their  relation  with  the  outer  universe  in  the  same  way  as  we 
are.  But  if  there  be  accident,  must  there  not  be  pain  and 
death  7  Now  these  are  naturally  associated  in  our  minds 
with  the  presence  of  moral  evil." 

Without  entering  into  any  criticism  of  the  views  thus  ex*' 
pressed,  we  ask  how  they  are  to  be  reconciled  with  certain 
ordinary  and  supposed  essential  doctrines  of  Christianity  ? 
The  Scriptures,  it  is  generally  conceded,  teach  that  man 
was  created  immortal  and  perfect,  in  a  perfeCt  world,  and 
that  death,  sin,  and  **  all  our  woe  "  only  entered  through  his 
disobedience.    This  is  certainly  not  the  place  for  a  formal 
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theological  discussion,  but  it  does  seem  to  us  that  the 
authors,  in  surrendering  the  Fall  of  Man,  have  rendered  a 
Very  questionable  service  to  Christianity.  This  is  a  snare 
into  which  reconcilers  are  very  apt  to  fall.  They  look  atten- 
tively at  the  two  theories,  interests,  parties,  or  the  like  which 
they  would  fain  bring  into  accord.  As  they  gaze  the  dif&- 
culties  seem  to  vanish,  and  with  a  sincere  Eureka,  they  turn 
to  inform  the  world  of  their  success.  When,  lo  I  it  is  found 
that  they  have  harmonised,  not  what  actually  exists,  but 
two  creations  of  their  own.  They  have  made  the  boot  fit  the 
foot  by  liberally  trimming  and  cutting  both  one  and  the 
other ! 

The  immediate  purpose  of  the  work  before  us  may  be 
learned  from  its  second  title,  **  Physical  Speculations  on  a 
Future  State.'*  The  authors  seek  to  show  that  immortality 
= — a  new  life  after  the  phenomenon  known  as  death— *is  not 
impossible,  and  is  not  contradictory  to,  but  rather  in  harmony 
with,  the  law  of  continuity*  They  declare  that  the  "  great 
mass  of  mankind  have  always  believed  in  some  fashion  in 
the  immortality  of  the  soul ;  but  it  is  certain  that  we  may 
yet  find  disbelievers  in  this  dodtrine  who  yet  retain  the 
nobler  attributes  of  humanity."  The  strength  of  this  dis* 
believing  minority  they  consider  "  has  of  late  years  greatly 
increased,  until  at  the  present  moment  it  numbers  in  its 
ranks  not  a  few  of  the  most  intelligent,  the  most  earnest, 
and  the  most  virtuous  of  men."  To  these  accordingly  they 
address  themselves  in  the  opinion  that  they  are  probably 
**  unwilling  disbelievers,  compelled  by  the  working  of  their 
intellects  to  abandon  the  desire  of  their  hearts  only  after 
many  struggles  and  much  bitterness  of  spirit."  Now  we 
cannot,  certainly,  conceive  the  man  or  woman  who  does  not 
crave  for  a  further  life,  even  for  immortality. 

Annihilation  has  no  charms.  We  have  read  the  **  Logic 
of  Death"  of  a  celebrated  sceptical  writer,  but  it  satisfies 
no  one.*  Yet  even  annihilation  may  not  be  the  greatest  con* 
ceivable  evil.  Our  authors  must  know  that  many  of  the 
class  for  whom  they  write  have  been  driven  to  the  reje(5tion 
of  a  future  life  less  by  the  working  of  their  intellect  than 
by  the  revolt  of  their  moral  faculties.  Such  men,-^wa 
expound  here  without  advocating  their  opinions, — much  as 
they  may  shrink  from  an  utter  extinction  of  consciousness, 

*  "  The  Maft3rrdom  of  Man/'  by  the  late  Mr.  Winwood  Reade,  another 
book  which  seeks  to  reconcile  man  to  the  prospedof  the  utteV  and  final  cessa- 
tion of  consciousness  at  the  moment  of  death»  we  must  unhesitatingly  declare 
one  of  the  saddest  works  ever  written. 

VOL.  V.   (N.S.)  3  P 
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look  with  far  more  loathing  upon  the  future  life  of  ordinary 
Christian  cschatology — ^to  wit,  eternal  torment  for  the  many 
and  a  never-ending  Sunday-school  celebration  for  the 
favoured  few.  To  such  minds  this  prospedt  appears  not 
merely  inconceivable,  but  a  libel  on  the  Creator ;  and  upon 
them,  therefore,  the  argument  of  our  authors,  ingenious  as 
it  undoubtedly  is,  will  be  utterly  thrown  away.  We  must 
further  call  to  mind  that  immortality,  though  an  essential,  is 
not  a  peculiar  do<5lrine  of  the  Christian  religion,  of  which 
even  its  absolute  demonstration  furnishes  no  conclusive  evi- 
dence. But  no  such  demonstration  is  here  attempted.  We 
are  reminded  that  the  universal  longing  for  immortality 
affords  a  presumption  at  least  of  a  future  life  in  which  this 
yearning  may  be  gratified.  An  eccentric  friend  of  ours 
whose  life  has  proved  a  failure,  argued  that  this  very  craving 
is  an  evidence  against  immortality.  But  if  it  is  an  evidence 
of  a  future  life  at  all,  it  must  be  taken  in  proof  of  a  future 
of  universal  happiness.  To  implant  such  a  craving,  and 
then  to  fulfil  it  with  an  immortality  of  misery,  would  be 
more  merciless  than  not  to  fulfil  it  at  all. 

The  work  before  us,  like  certain  recent  legislative  mea- 
sures, is  of  a  decidedly  **  permissive**  charaAer.  It  deals 
in  the  '*  may  be  "  rather  than  in  the  **  must  be."  It  takes 
the  conceivable  as  tantamount  to  the  actually  existing,  and 
asks, ''  Is  it  not  hazardous  to  deny  ?  '*  where,  to  say  the  least,  it 
is  equally  hazardous  to  assert.  There  is,  we  learn,  around 
us,  or  among  us,  an  **  unseen  universe.*'  In  density  it  bears 
about  the  same  proportion  to  the  interstellar,  luminiferous 
ether  which  this  does  to  ordinary  molecular  matter.  Prom 
this  unseen  universe,  or  second  ether,  the  visible  universe 
and  all  that  therein  is  originally  proceeded,  and  into  it  they 
are  being  gradually  re-absorbed.  Beyond  this  second  ether 
there  is  a  third  finer  still,  forming  a  second  unseen  universe, 
and  beyond  this  another  and  another,  each  less  dense  than 
the  preceding.  These  unseen  universes,  or  at  least  the  first 
of  the  series,  receive  the  force  which  the  ether  loses.  That 
such  a  loss  takes  place,  the  authors  conclude  from  Struve*8 
statement  that  there  appear  to  be  fewer  stars  of  the  tenth 
magnitude  than  should  be  visible  if  all  their  light  reached 
us  unabsorbed.  The  portion  which  thus  disappears  on  the 
way  is,  they  assume,  taken  up  by  the  ether  and  handed 
over  to  the  first  "  unseen  universe.*'  Of  the  properties  and 
powers  of  this  unseen  universe  we  know,  of  course, 
nothing.  When,  therefore,  the  authors  ask  us  in  substance, 
"  Why  may  it  not"  be  the  scene  of  the  life  to  come,  we  are 
certainly  unable  to  give  any  direct  reply.    For  all  we  can 
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show  to  the  contraiyi  this  second  universe,  if  it  exists  at  all, 
may  contain  anything.  In  this  unknown  and  hypothetical 
region,  a  spiritual  body — ^if  such  a  term  may  be  logically 
applied  to  what  seems  after  all  merely  a  natter  extremely 
rarefied — is  being  elaborated  for  each  of  us  after  this  fashion. 
Every  thought  or  emotion  which  passes  through  our  minds 
occasions,  as  is  now  generally  admitted  by  physiologists,  a 
certain  molecular  a£tion  in  our  brain.  This  adtion  disturbs 
the  ordinary  luminous  or  interstellar  ether,  and  a  portion 
of  such  disturbance,  like  a  portion  of  the  light  of  the  stars, 
is  handed  over  to  the  second  ether  or  unseen  universe.  By 
degrees,  an  organised  strudlure  is  thus  built  up,  though 
devoid  of  consciousness.  When  at  last  we  die,  our  con- 
sciousness is,  in  some  mysterious  manner,  transferred  to 
this  second  body,  and  we  begin  a  new  life,  though  retaining 
our  personal  identity,  and  being  mindful  of  all  that  has 
occurred  to  us  in  our  present  state  of  existence. 

All  this,  the  reader  must  carefully  bear  in  mind,  is  sup- 
posed to  happen,  not  by  miracle,  not  in  virtue  of  any  direA 
interposition  of  God,  but  in  obedience  to  the  ordinary  **  laws 
of  nature.^'  Certain  questions,  therefore,  arise,  the  answers 
to  which  are  in  the  highest  degree  doubtful.  That  a  mole- 
cular disturbance  in  the  human  brain  may  affedt  the  ether, 
may  be  transmitted  to  an  unseen  universe,  and  may  there 
produce  physical  efifedls,  are  propositions  which  we  are  not 
prepared  to  deny.  But  how  are  these  effedts  to  be  localised 
and  kept  separate  ?  We  know  that  the  light-waves  thrown 
off  from  any  illuminated  body  are  capable  of  producing 
chemical  effedts  upon  certain  substances,  and  of  thus  stamp- 
ing the  image  of  such  body  upon  a  duly  prepared  surface. 
But  for  this  purpose  care  must  be  taken  that  the  light-waves 
thrown  back  by  other  bodies  do  not  interfere.  If  we  place 
a  sensitive  paper,  not  in  a  camera,  but  in  the  open  air,  we 
do  not  obtain  a  landscape,  but  a  blot.  The  undulations 
from  each  objedt  do  not  seledl  some  part  of  the  paper  to 
impress  themselves  upon,  but  a£t  indiscriminately  upon  the 
whole  surface.  What  in  the  unseen  universe  is  to  play  the 
part  of  the  camera  ?  How  are  the  impressions  emanating 
from  the  brain  of  each  of  the  thousand  millions  of  the 
human  inhabitants  of  the  earth — to  say  nothing  of  its  brute 
population,  and  of  the  possible  intelligences  dwelling  in 
other  heavenly  bodies — to  be  sorted  out  and  compelled  to 
a6t,  each  on  the  one  spot  required,  and  nowhere  else  ? 

The  authors,  indeed,  make  an  attempt  to  meet  this  diffi- 
culty, an  attempt  so  feeble  that  we  marvel  how  it  can  pro- 
ceed from  men  who  elsewhere  show  themselves  capable  of 
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reasoning  most  ably.  They  say,  **  We  are  as  much  puzzled 
by  what  takes  place  in  our  present  body  as  we  can  be  with 
respeA  to  the  spiritual.  Thus  let  us  allow  that  impressions 
are  stored  up  in  our  brains,  which  thus  form  an  organ  con- 
nedling  us  with  the  past  of  the  visible  universe.  Now 
thousands,  perhaps  even  millions,  of  such  impressions  pass 
into  the  same  organ,  and  yet  by  the  operation  of  our  will, 
we  can  concentrate  our  r&coUedtion  upon  a  certain  event, 
and  rummage  out  its  details  along  with  its  collateral  cir- 
cumstances to  the  exclusion  of  everything  else.  But  if  the 
brain,  or  something  else,  plays  such  a  wonderful  part  in  the 
present  economy,  is  it  impossible  to  imagine  that  the  uni-. 
verse  of  the  future  may  have  even  greater  individualising 
powers  ?  Is  it  not  very  hazardous  to  assert  this  or  that 
mode  of  existence  to  be  impossible  in  such  a  wondrous 
whole  as  we  feel  sure  the  universe  must  be  ?" 

This  illustration,  we  urge,  is  totally  beside  the  question. 
An  organism  must  exist  before  it  can  receive  and  indi- 
vidualise the  impressions  which  occur.  But  here  the  organ-^ 
ism  has  to  be  built  up  by  the  impressions  themselves.  Or, 
returning  to  our  former  illustration  of  the  photographic 
camera,  we  know  that  it,  with  a  duly  prepared  plate,  can 
individualise  into  distindl  images  the  light-undulations  pro- 
ceeding from  bodies  placed  before  it ;  but  can  we  conceive 
of  these  undulations  creating  the  camera  and  the  plate  on 
which  they  are  to  be  recorded  ?  For  such  a  process  we 
can  find  in  the  known  universe  no  analogy.  What  it  is 
possible  for  us  to  imagine  is,  we  submit,  quite  unimportant. 
It  may,  indeed,  be  **  very  hazardous"  to  deny  the  possibility 
of  anything.  But  is  not  the  position  of  the  authors  still 
more  hazardous?  Before  expefting  our  assent  they  are 
bound  to  produce  some  argument  far  more  cogent  than 
<*  why  may  it  not  ?" 

But  the  authors'  entire  line  of  reasoning,  touching  the 
unseen  universe,  is  based  upon  doubtful  assumptions,  and 
is  beset  with  difficulties  little  less  formidable  than  the  one 
we  have  just  pointed  out.  Let  us  return  to  the  fundamen- 
tal fa<5l,  or  alleged  fa£t,  of  the  small  number  of  stars  of  low 
magnitudes.  The  calculation  of  Struve  took  for  granted 
that  the  stars  are  uniformly  distributed  throughout  space. 
This  is  a  fallacy.  The  heavenly  bodies  within  our  range  of 
vision  belong  for  the  most  part  to  a  single  group,  which 
appears  to  lie  like  an  oceanic  islet  in  vast  starless  regions* 
The  interstellar  spaces  contain  not  merely  the  ether,  but  in  all 
probability  diffused  gases,  which  may  absorb  the  light  of  the 
more  remote  stars.    The  effedl  of  the  upper  regions  of  our 
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own  atmosphere  has  also  to  be  taken  into  account.  It  is 
further  supposed  by  some  that  space  may  contain  in  consider- 
able numbers  the  dead  bodies  of  extinguished  suns,  which, 
of  course,  may  eclipse  to  us  the  light  of  stars  placed  behind 
them.  Hence  there  is  absolutely  no  proof  that  any  light 
is  absorbed  by  the  ether.  The  supposition  of  such  a  process 
is  merely  one  out  of  several  ways  of  accounting  for  certain 
fadtsy  and  it  is  in  no  manner  forced  upon  our  acceptance. 

But  supposing  such  an  absorption  to  take  place,  is  there 
any  necessity  that  the  force  thus  gained  is  handed  over  to 
an  assumed  second  ether  ?  None  whatever :  this  force  may, 
quite  as  probably,  be  restored  to  the  visible  universe  in  man- 
ners not  dreamt  of  in  our  philosopy.  An  acute  though  sar- 
castic critic  has  pointed  out  that  it  may  be  transformed  into 
other  kinds  of  motion,  or  may  serve  in  making  up  atoms, 
and  even  that  the  dodlrine  of  the  conservation  of  force  may 
be  only  an  approximate  truth,  and  that  the  light,  if  any, 
absorbed  by  the  ether,  may  be  simply  lost. 

Amongthe  possible  obje<5lions  to  their  views — ^it  is  curious, 
by  the  way,  to  note  the  kind  of  arguments  which  theorists 
put  into  the  mouths  of  imajginaiy  opponents, — ^we  find  it 
conceded  that  the  unseen  universe  of  the  authors  will  find 
room  for  an  immortality,  not  of  man  only,  but  also  in  brutes. 
How  far  down  the  organic  series  immortality  is  supposed 
to  extend  they  do  not  say.  Plants,  indeed,  have  no  brain  aild 
possibly  no  memory,  but  may  not  the  same  be  said  of  many 
forms  of  animal  life  ?  We  certainly  should  not  objedl  to  the 
widest  extension  of  a  future  existence.  Flowers  and  trees 
are  always  pleasant  companions,  which  is  vastly  more  than 
can  be  asserted  of  animals,  our  own  species  by  no  means 
excepted. 

But  if  we  admit  the  unseen  universe  of  our  authors,  and 
if  we  suppose  our  spiritual  bodies  duly  elaborated  there,  and 
rendered  the  seat  of  the  consciousness  that  has  left  its  decay- 
ing tenement  in  this  world,  there  is  another  difficulty  remain- 
ing. How  is  our  immortality  in  such  future  state  to  be 
guaranteed  ?  Shall  we  be  able  to  exert  force  without  trans- 
formation of  material,  or,  in  other  words,  to  create  force  out 
of  nothing  ?  This  we  have  always  held  to  be  the  preroga- 
tive of  one  only  Being.  But  if  not,  will  not  the  preserva- 
tion of  our  life  depend  upon  conditions  stridlly  analogous  to 
those  by  which  it  is  governed  in  our  present  state  ?  Nor  is 
this  all :  by  hypothesis  our  spiritual  bodies  will  stand  to 
their  surroundings  in  a  very  similar  relation  to  that  which 
our  present  frames  bear  to  the  medium  which  they  now 
inhabit.    But  if  so,  we  may  extend  the  argument  which  the 
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authors  have  applied  to  the  inhabitants  of  other  orbs  in  the 
visible  universe  and  we  may  in  like  manner  infer  that  im 
the  life  to  come  we  shall  not  be  exempt  from  accident,  and 
from  its  consequence— death*  Possibly  this,  point  has  beeni 
foreseen  by  the  authors*  Perhaps  they  may  argue  that  if 
we  die  in  unseen  universe  No»  z^  we  shafi  live  again  in. 
unseen  universe  No.  z,  and  saonid  in^itum. 

Now  we  are  not  aware  that  this  siq>position  involves  anjr 
new  difficulties.  Our  transfer  from  No*,  i  to  No.  a  might 
be  effeAed  on  the  very  same  principles  as  our  removal  from 
this  world  to  No.  i,  and  a  virtual  immortality,  or  at  least 
continuity  of  consciousness^  might  thus  be  maintained*. 
But  such  a  future  life  would  be  reft  of  half  its  attractions*. 
Is  not  the  greatest  pang  of  death  the  separation  from  those 
we  love  ?  Is  not  tl^  hope  of  an  eternal  reunion  the  main, 
source  of  our  yearmng  for  a  life  beyond  the  grave  ?  But  if 
such  future  life  consists  in  a  series  of  removals  from  one: 
unseen  world  to  another,  the  prospects  of  reunion  become, 
very  slender. 

The  authors  devote  a  chapter  to  discussing  the  possi- 
bility of  intelligences  superior  to  man  existing  in  the  visible: 
universe.  This  inquiry  seems  at  first  glance  irrelevant. 
But  it  is  to  some  extent  justified  by  the  consideration  that 
if  such  exist  it  might  be  **  at  least  conceivable  that  maa 
may  be  at  death  drafted  off  into  some  superior  rank  of 
being  connedted  with  the  present  universe,  and  thence  ulti^ 
mately  removed  into  a  new  order  of  things  when  the  present 
universe  shall  have  become  effete.^  The  conclusion  they 
reach  is  in  the  negative.  Science  tells  us  of  no  superior 
order  of  beings  connei5led  with  the  present  universe,  and  in 
virtue  of  the  law  of  Unity,  they  pronounce  the  conception 
of  such  beings  altogether  untenable.'^  That  beings  analo- 
gous to  man  may  exist  in  other  worlds  they  do  not  dispute* 
Turning  from  the  "  verdiCl  of  science  to  the  sacred  writings 
of  the  Jews,  we  find,*'  they  continue,  **  that  one  grand  idea 
which  pervsydes  the  whole  of  the  Old  Testament  is  man's 
absolute  superiority  and  practical  sovereignty  over  all  created 
beings  whom  he  can  perceive  otherwise  than  with  the 
fHind*s  eye." 

Now,  that  science  has  hitherto  revealed  to  us  no  being 
superior  to  man  is  undeniable*  But  is  it  not ''  very  hazard- 
ous" to  conclude  that  none  such  may  exist  in  other  portions 
of  the  present  universe  ?  The  authors  admit  beings  **  analo- 
gous to  man,"  but  a  certain  degree  of  analogy  is  not  incon- 
sistent with  immense  superiority.  We  know  that  the 
meteorites  which  from  time  to  time  fall  to  our  earth  have 
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been  found  to  contain  no  element  hitherto  unknown  to  us,. 
We  admit  that  the  spedtroscope  points  out  to  us  in  the  sun 
and  the  fixed  stars  simple  bodies,  which,  with  the  exception 
of  helium,  form  part  and  parcel  of  our  planet.  We  know 
that  the  most  distant  heavenly  bodies  are  influenced  by 
gravitation,  light,  heat,  and  probably  by  eleAricity  and  mag- 
netism. But  all  this  takes  us  a  very  little  way  towards 
ascertaining  the  nature  of  the  living  beings  which  may 
inhabit  those  orbs.  To  take  an  illustration  from  our  own 
planet.  We  might  find,  say  in  Borneo,  minerals  very  simi- 
lar to  those  obtained  in  Australia.  But  would  that  warrant 
us  in  concluding  that  in  Borneo  the  highest  existing  form 
of  animal  life  was  of  the  marsupial  type  ? 

Nor  do  we  think  that  the  Scriptures,  Jewish  or  Christian, 
convey  any  decisive  information  on  thesubjedl.  Concerning 
the  population  of  other  worlds  in  the  present  order  of  things, 
they  are,  we  believe,  totally  silent.  The  sovereignty  of  the 
gk)be  which  they  attribute  to  man,  and  the  supremacy  over 
all  other  visible  and  tangible  beings  thereon,  are  of  a  very 
doubtful  nature.  In  how  few  parts  has  l}e  succeeded  in 
extirpating  even  the  larger  camivora  1  How  powerless  is 
he  in  dealing  with  mosquitoes,  locusts,  and  still  more  with 
those  minute  organisms  believed  to  be  the  materies  morhi  of 
yellow  fever,  plague,  and  cholera !  It  may  also  be  ques- 
tioned whether  the  Scriptures  do  not  grant  the  presence  on 
the  earth  of  beings  heterologous  to  man,  and  possessing 
superior  attributes.  The  idea  of  witchcraft  is  based  upon 
the  existence  of  such  beings.  Yet  that  the  Bible  recognises 
witchcraft  not  as  an  imposture  but  as  a  reality  is  admitted 
by  theologians  of  repute.  John  Wesley  declared  that  to 
give  up  witchcraft  was  tantamount  to  giving  up  the  Bible. 
The  General  Assembly  of  the  Church  of  Scotland  denounced 
the  repeal  of  the  penal  statutes  against  witchcraft  as  a 
national  sin. 

If,  however,  the  authors  consider  man  as  belonging  Xo 
the  highest  type  of  beings  in  the  present  order  of  things, 
they  are  of  a  different  opinion  as  regards  the  unseen  universe. 
This  has  its  own  population  independent  of  the  phantoms  of 
men  and  animals  who  may  have  been  transferred  to  it  from 
worlds  like  our  own.  If  we  only  suppose  the  unseen  uni- 
verse not  separated  from  our  world  by  distance,  but  inter- 
penetrating its  molecules,  and  thus  being  at  once  near  us,  and 
yet  till  death  at  least  infinitely  remote  firom  us,  we  may  here 
be  reminded  of  some  of  the  weird  speculations  put  forward 
by  the  late  Lord  Lytton  in  his  "  Zanoni"  and  "  A  Strange 
Story."    The  "  Dweller  on  the  Threshold,"  and  other  beings, 
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hideous  or  lovely,  there  represented  as  inhabiting  the  realms 
of  space,  are  not  spirits,  but  composed  of  matter  so  subli- 
mated as  to  escape  the  senses  of  man  in  his  ordinaiy  condi- 
tion. 

The  authors  give  it  as  their  opinion  that  the  "  nebulous 
beginning  and  fiery  termination  of  the  present  visible  uni- 
verse are  "  indicated  in  the  Christian  records."  The  "  fieiy 
termination"  assigned  to  the  world  by  the  ordinary  Christianr 
eschatology  does  indeed  present  a  certain  superficial  resem- 
blance to  what  science  points  out  as  the  probable  ulti- 
mate catastrophe.  But  we  must  remember  that  certain 
sedts  of  ancient  philosophers  held  in  like  manner  that  the 
earth  would  ultimately  be  destroyed  by  fire,  and  that  these 
views  had  been  promulgated  before  the  date  of  the  New" 
Testament.  As  to  the  **  nebulous  origin'*^  of  the  universe, 
we  may  ask  how  is  it,  if  such  be  the  teachings  of  the  Scrip*' 
tures,  that  both  divines  and  philosophers  of  orthodox  tenden- 
cies failed  to  perceive  it,  and  denounced  the  hypothesis  of 
Laplace  as  essentially  atheistic  ?  Thus  Sir  D.  Brewster  in 
his  "  Plurality  of  Worlds"  declares  it "  equally  at  variance 
with  reason  and  Scripture"  (p.  171). 

We  regret  that  we  can  continue  no  further  our  examina^ 
tion  of  a  work  so  important  in  its  subject — so  thoughtful 
and  so  suggestive.  To  deal  fully  and  fairly  with  all  the 
issues  here  opened  up  would  require  the  study  of  years. 
Widely  as  we  differ  from  the  authors,  we  are  bound  to  pro' 
nounce  it  a  book  which  few  men  of  cultivated  minds  can 
read  without  pleasure  and  profit.  Its  main  conclusions  we 
are,  however,  unable  to  accept.  Its  arguments,  solid  and 
satisfa(5tory  at  first  sight,  fade  away  in  our  grasp  like  elfin 
gold,  and  leave  us  empty-handed  and  disappointed. 


V.    THE  CHANNEL  TUNNEL. 
By  F.  C.  Danvbrs,  Assoc.  Inst.  C.E.,  &c. 

T  is  generally  accepted  as  a  geological  fadl  that  the  high 
mountains  and  deep  ravines  that  separate  divers  na- 
tions, and  have  been  adopted  by  them  as  natural  terri- 
torial boundaries,  were  developed,  in  some  cases  by  gradual 
changes  in  the  surface  of  the  globe  due  to  natursd  causes, 
whilst  in  others  they  are  attributed,  apparently  with  good 
reason,  to  violent  convulsions  of  Nature,  by  the  action  of 
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v^hich  the  plane  of  the  globe  has  been  caused  to  undergo 
great  changes.  However  these  inequalities  in  the  earth's 
surface  may  have  been  brought  about,  the  necessities  of 
man  often  demand  that  the  inconveniences  caused  by  them 
to  free  transit  should  be  overcome^  and  to  this  end  the  ser- 
vices of  the  engineer  are  called  into  request — it  may  be  to 
bridge  over  a  river  or  chasm,  to  tunnel  through  a  lofty 
mountain,  under  a  river  or  across  a  channel  of  the  sea. 
Further  also  the  engineer  may  be  called  upon  to  unite  two 
seas  by  means  of  a  water  communication,  to  divert  the 
channel  of  a  river,  or  to  guard  the  coast  against  the  erro- 
sive  force  of  tidal  adtion.  Taking  a  general  view  of  the 
engineering  profession,  it  may  be  broadly  stated  that  its  chief 
and  loftiest  operations  are  undertaken  with  the  view  of 
accommodating  the  earth's  surface  to  the  need  of  mankind, 
either  by  counteracting  the  physical  efifedls  of  forces  that 
were  in  operation  in  ages  past,  or  by  neutralising  present 
adtive  forces  by  opposing  to  them  means  of  resistance 
designed  and  based  upon  a  knowledge  of  natural  laws  and 
physical  science. 

Many  works  of  past  ages  may  fairly  claim  to  be  classed 
in  the  general  list  given  above,  of  which  the  most  celebrated 
in  modern  times,  at  least,  will  readily  present  themselves 
to  the  mind  of  the  reader.  There  is  now,  however,  a  grand 
work  in  contemplation,  for  uniting  England  and  Prance  by 
means  of  a  railway  tunnel  under  the  English  Channel,  which 
in  point  of  boldness  of  design  and  extensiveness — both  from 
a  material  and  commercial  point  of  view — cannot  claim  a 
rival. 

It  is  generally  admitted  by  geologists  that  at  one  time 
England  was  connedled  with  France  by  land,  and  formed  a 
Peninsula.  To  all  appearances  also  the  separation  from  the- 
Continent  has  not  been  effedted  by  any  violent  convulsion, 
but  by  the  slow  and  long-continued  adtion  of  the  waves. 
It  was  pointed  out  in  an  article  that  appeared  in  the 
**  Quarterly  Journal  of  Science  "  for  April,  1872,  on  the 
"  Geology  of  the  Straits  of  Dover,"  that,  very  likely,  at  one 
time  when  the  land  stood  at  a  higher  level,  and  before  the 
sea  had  eaten  out  the  Straits,  a  river  ran  from  South  to 
North  through  the  chalk  escarpment,  which  then  stretched 
across  from  Folkestone  to  Wissant.  The  higher  streams  of 
this  old  river  are  the  Rother  on  the  English  side,  the  Wime- 
reux  and  the  Slack  on  the  French  side. 

The  probability  of  this  country  having  once  been  a  penin- 
sula, and  of  the  land  connedling  it  with  the  Continent  being 
washed  away  by  the  adtipn    of   the    sea,    was  carefully 
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considered  by  Verstigan,  so  long  since  as  1673,  in  a  pamphlet 
dedicated  to  King  James.  He  compared  the  identity  of  the 
strata,  the  comi>osition  of  the  cliffs,  the  similarity  of  their 
lengths,  and  arrived  at  the  opinion  that  the  surface  had  been 
gradually  worn  away  by  the  adlion  of  the  sea,  and  not  by 
disruption.  In  the  following  century  M.  Desmarest  wrote 
an  essay  on  the  same  subjedl,  arriving  at  the  same  conclu- 
sion ;  and  in  1818  the  question  was  philosophically  treated 
by  Richard  Phillips,  F.R.S.,  in  an  elaborate  essay  which  he 
read  before  the  Geological  Society. 

Although,  however,  there  appears  to  be  little  doubt  that 
the  Straits  of  Dover  have  thus  been  formed  by  the  con- 
tinued adlion  of  natural  causes,  it  by  no  means  follows  that 
at  no  previous  period  had  the  even  lay  of  the  strata  between 
England  and  France  been  disturbed  by  volcanic  or  other 
violent  terrestrial  forces.  Between  Folkestone  and  Cape 
Gris-Nez  there  is  the  Vame  in  mid-channel  of  a  formation 
belonging  to  the  Portland  beds,  which  are  of  a  much  older 
series  than  the  deposits  to  be  found  on  either  coast,  and  this 
of  itself  should  prepare  geologists  to  anticipate  some  irre- 
gular trend  in  the  diredlion  of  the  strata  between  the  two 
shores.  It  may  be  that  the  irregularity  is  not  of  sufficient 
extent  at  the  proposed  line  of  passage  materially  to  affe(5l 
the  projedled  work,  but  where  an  evident  upheaval  of  the 
lower  strata  is  known  to  occur  within  so  short  a  distance  of 
the  seledled  site,  it  seems  but  reasonable  to  suppose  that  the 
efTedls  of  the  disturbance  by  which  it  was  caused  may  have 
influenced  the  geological  formations  within  a  few  miles  at 
least  on  either  side  of  the  fault.  We  shall,  however,  refer 
more  particularly  to  this  subject  when  treating  of  the  geo- 
logical examinations  of  the  Channel  bed. 

It  is  not  proposed  in  this  article  to  enter  into  any  detail 
regarding  all  the  alternative  schemes  from  time  to  time  pro- 
jeAed  with  the  view  of  spanning  more  conveniently  the  nar- 
row channel  that  now  separates  us  from  our  neighbours,  but 
it  may  render  the  present  examination  of  the  subjedl  more 
interesting  to  refer  briefly  to  the  various  devices  proposed  for 
obviating  or  lessening  the  inconveniences  felt  by  those  who 
suffer  in  .crossing  between  England  and  France  from  the 
too  common  complaint  of  mal  de  met. 

From  M.  Thomd  de  Gamond's  publication  on  this  subject 
we  learn  that  the  establishment  of  some  means  of  dire<St 
communication  between  England  ^nd  France  was  first  pro- 
posed at  the  latter  end  of  the  last  century.  The  earliest 
projeft  of  which  there  is  any  account  on  record  for  crossing 
the  Channel  by  a  tunnel  was  proposed  by  M.  Mathieu,  a 
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French  mining  engineer,  in  the  service  of  the  Depart- 
ment du  Nord.  His  scheme  was  conceived  at  the  close  of 
the  last  century.  It  was  laid  before  the  First  Consul  in 
1802,  and  plans  illustrating  the  projedl  were  for  several 
years  exhibited,  first  at  the  Luxemburg  Palace,  then  at  the 
School  of  Mines,  and  afterwards  at  the  Institute.  Mathieu's 
proje(5t  consisted  of  a  subterranean  way  formed  of  two 
tunnels,  one  on  the  top  of  the  other,  forming  in  section  an  un- 
even line,  the  highest  point  being  in  the  centre  of  the  Channel, 
and  inclining  in  opposite  directions  towards  England  and 
France  respedlively.  The  lower  tunnel  was  to  a<5l  as  a  canal 
to  drain  off  any  waters  that  might  enter  through  leakage, 
and  from  which  it  would  discharge  at  either  end  into  drain- 
age reservoirs.  In  the  upper  tunnel  was  formed  a  paved 
road,  lighted  by  oil  jets,  and  traversed  by  a  service  of  diligences 
drawn  by  horses,  which  was  the  only  known  method  of  con- 
veyance in  those  days.  It  is  not  shown  exadtly  how  the  en- 
trances to  these  tunnels  were  to  be  approached  on  either  side, 
but  they  must  necessarily  have  been  situated  at  a  great  depth 
below  the  surface  of  the  ground.  For  ventilating  the  tunnel, 
as  well  as  for  use  in  its  construdlion,  M.  Mathieu  proposed  to 
eredl  circular  iron  chimneys  rising  above  the  surface  of  the 
water,  and  secured  in  position  by  masses  of  rock  deposited 
at  their  bases. 

When  the  Peace  of  Amiens  was  declared  the  author  of 
this  scheme  thought  that  his  projedi  would  at  once  be  car- 
ried out.  It  was  introduced  to  the  notice  of  Fox  on  the 
occasion  of  his  visit  to  Paris  during  the  short  peace  that 
followed,  and  was  received  liy  him  with  favour:  he  regarded 
it  as  a  most  efficacious  means  of  assuring  peace  between 
England  and  France.  It  is  stated  that  Fox  spoke  on  the 
subjedi  to  Napoleon,  who  exclaimed  ''  Oh  I  c'est  une  des 
grandes  choses  que  nous  pourrous  faire  ensemble." 

Subsequently  one  Dr.  Payeme  proposed  to  form  a  level 
bed  at  the  bottom  of  the  sea  by  depositing  concrete,  and 
upon  this  to  construdt  a  tunnel  by  means  of  diving  bells. 
MM.  Franchot  and  Tessier  proposed  to  form  a  passage 
through  a  tube  of  cast-iron  laid  on  the  bed  of  the  sea,  but 
they  appear  to  have  suggested  no  means  for  securing  a  level 
surface.  M.  Favre  designed  a  submarine  tunnel  having  an 
outside  casing  of  wood  or  sheet  iron,  and  resting  on  piers 
of  iron  lined  with  brickwork  in  order  to  overcome  the  un- 
evenness  of  the  sea  bed.  In  1850  M.  Ernest  Mayer  proposed 
a  submarine  tunnel  between  the  South  Foreland  and  Cape 
Gris-Mez,  and  some  years  ago  M.  S.  Dunn  laid  out  a  plan 
for  construdling  a  tunnel  under  the  water,  of  which  the 
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principal  novelty  consisted  in  a  cylindrical  protedlor,  fitted 
with  a  shield  in  front,  within  which  the  sections  of  the  tun- 
nel were  to  be  fitted  together. 

The  most  indefatigable  projedlors  amongst  our  neigh- 
bours has,  however,  been  M.  Thom6  de  Gamond.    Whilst 
making  a    geological  examination  of  the  shores  of  the 
Channel  in  1833,  this  engineer  was  first  struck  with  the 
idea  of  making  a  way  of  communication  between  England 
and  the  Continent,  and  he  accordingly  proceeded  to  make 
a  series  of  soundings  between  Calais  and  Dover.    M.  de 
Gamond's  first  projedi  was  for  the  submersion  of  an  iron 
tube  in  sections,  laid  at  the  bottom  of  the  Straits  of  Dover, 
and  lined  inside  with  masonry.    The  obstacle  which  soon 
presented  itself  to  his  mind  was  the  difficulty  of  levelling 
the  bottom  of  the  sea  in  order  to  form  a  bed  for  the  tube, 
and    this   operation  alone   he   estimated  at  £12,000,000 
sterling,  after  which  the  cost  of  the  tube  and  approaches 
was  set  down  at  £"6,400,000 ;  so  that  the  total  probable  cost 
of   the  projedt  was  £18,400,000.    This  scheme  was  no 
sooner  finished  than  it  was  abandoned.    In  1836,  M.  de 
Gamond  gave  his  consideration  to  the  constru£tion  of  a 
bridge  across  the  Channel,  taking  the  line  from  Calais  to 
Ness  Corner  Point,  a  line  shorter  by  about  two  miles  and  a 
half  than  that  between  Dover  and  Calais.     Five  different 
plans  of  bridges,  in  granite,  in  stone  and  metal  combined, 
and  skeleton  iron  stru(5tures,  were  elaborated  by  him  during 
a  period  of  two  years.    The  scaffolds  for  commencing  the 
works  were  to  be  supported  by  buoys  of  great  size,  held  in 
their  place  by  metallic  shrouds,  fixed  at  the  bottom  of  the 
sea  to  strong  moorings.    In  making  the  foundations  for  the 
piers,  it  was  proposed  to  drive  piles  into  the  ground  by 
manual  labour,  the  workmen  being  in  a  water-tight  cham- 
ber at  the  bottom  of  the  sea.    Of  all  the  different  projedts 
for  this  strudlure,  the  one  for  a  granite  bridge  obtained  most 
favour  amongst  scientific  men.  This  strudiure  was  designed 
to  be  131  yards  broad,  the  arches,  162  yards  wide,  were  to 
be  built  on  piers  52  yards  long  and  131  yards  broad.     All 
the  arches  being  57  yards  high  above  the  sea  could  be  passed 
under  by  most  vessels.    There  was,  however,  to  be  one 
movable  arch  to  admit  the  passage  of  vessels  having  still 
loftier  masts.    The  greatest  depth  of  sea  between  these 
points  is  stated  to  be  197  feet,  and  many  of  the  arches  cros- 
sing this  depth  would  have  been  126  yards  in  height  from 
the  sea-bed  to  the  key-stone.    The  total  cost  of  this  struc- 
ture was  estimated  by  its  designer  at  160  millions  sterling, 
but  by  others  at  200  millions.    At  the  advice  of  Messrs. 
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Stephenson,  Brunei,  and  Locke,  to  whom  all  the  plans 
were  submitted  in  detail,  this  projedi  was  soon  abandoned ; 
and  in  conversations  which  M.  de  Gamond  had  on  the  sub- 
je<5l  with  those  engineers — and  especially  with  Mr.  J.  Locke — 
an  idea  was  suggested  of  improving  the  means  of  commu- 
nication between  the  two  countries  by  narrowing  the  Straits 
of  Dover  by  throwing  out  piers  from  the  two  opposite  shores, 
to  be  carried  as  far  out  to  sea  as  possible,  and  establishing 
a  steam  communication  between  the  two  piers  by  means  of 
an  enormous  raft  moved  by  steam. 

Wc  defer  for  the  present  from  entering  further  into  detail 
regarding  M.  Thom6  de  Gamond's  more  matured  schemes 
for  a  Channel  tunnel  whilst  we  refer  briefly  to  other  projedls 
that  have  from  time  to  time  been  put  forward  with  the  view 
of  facilitating  the  Channel  passage  between  England  and 
France.  Taking  these  in  the  order  of  their  importance,  we 
may  perhaps  devote  a  few  lines  first  in  considering  plans 
that  have  from  time  to  time  been  proposed  with  a  view  to 
counteradl  the  motion  of  vessels  in  a  rough  sea,  and  so  add 
to  the  convenience  of  travellers.  The  oldest  invention  of 
this  sort  of  which  we  have  been  able  to  trace  any  record 
is  mentioned  in  a  curious  old  book,  published  in  1677,  and 
named  "  Acro-Chanilos,  or  a  Register  for  the  Air."  In  it 
a  sort  of  chamber  is  described,  in  which  air  might  be  rarefied 
or  condensed,  or  otherwise  changed  for  the  use  of  invalids, 
80  that  they  might  have  change  of  air  without  leaving 
home.  Of  this  same  chamber  the  writer  says  : — '*  Possibly, 
if  the  same  might  be  made  use  of  on  board  ship,  it  would 
(with  the  additional  contrivance  of  a  chair  or  bed,  hung 
after  the  manner  of  a  sea-compass)  prevent  that  very 
troublesome  affedlion  whereto  'fresh  men*  are  subjeft, 
called  sea-sickness,  and  consequently  become  very  service- 
able to  such  whose  emploiments  engage  them  to  under- 
take voyages  into  very  remote  parts,  and  there  to  reside 
far  from  their  own  countries." 

The  earliest  patent  on  the  subjedt  appears  to  be  that  of 
Pratt  (1826),  in  which  a  spring  mattrass  was  fixed  on  a 
**  swinging  frame.'*  A  later  invention  by  De  Manara,  in 
1853,  proposed  to  attach  balloons  to  seats,  in  such  a  way  as 
to  keep  them  always  horizontal.  Another,  by  Ritchie,  in 
1866,  describes  a  platform,  resting  on  water  in  a  tank,  and 
having  its  edges  attached  to  the  edges  of  the  tank  by 
mackintosh,  or  similar  fabric.  Differing  from  all  the  above 
was  a  plan,  patented  in  1866,  by  M.  Simpson,  in  which  the 
body  of  the  patient  is  firmly  fastened  down  to  the  ship 
itself.    In  1854,  L.  Wertheimher  patented  some  improve- 
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ments  in  apparatus  for  preventing  sea-thickness,  the  first  of 
which  consists  of  a  movable  platform,  to  which  chairs  or 
couches  may  be  attached.  Connedled  with  the  platform  is 
the  piston  rod  of  a  steam  cylinder,  to  which  steam  is 
admitted  by  a  four-way  cock,  which  may  be  opened  and 
shut  by  a  self-adling  contrivance,  so  that  when  the  ship 
sinks  into  the  trough  of  the  sea,  steam  is  admitted  beneath 
the  piston,  and  the  platform  is  caused  to  rise ;  on  the  con- 
trary, when  the  vessel  rises  over  the  crest  of  the  wave, 
steam  is  admitted  above  the  piston,  and  the  platform 
descends,  and  thus  a  motion  opposite  to  that  of  the  vessel 
is  obtained.  Another  arrangement  consists  of  three  cylin- 
ders, one  placed  forward  and  two  at  the  after  part,  con- 
nedled  with  each  other  by  pipes.  The  second  part  of  the 
invention  consists  of  a  platform  or  chair,  which  is  supported 
by  a  bracket  attached  to  an  upright  shaft,  which  shaft 
passes  through  a  hollow  standard.  The  upper  part  of  the 
shaft  carries  a  rack  in  which  gears  a  pinion,  fitted  with  a 
handle,  and  a  rising  and  falling  motion  is  given  to  the,  plat- 
form by  moving^the  handle  to  and  fro.  Or  the  platform 
may  be  moved  by  a  perpendicular  shaft  or  lever  attached  to 
a  pinion  gearing  with  a  toothed  rack.  In  the  third  modifi- 
cation, the  efie^  is  attained  by  interposing  elastic  bodies 
between  the  person  and  the  deck. 

In  order  to  avoid  sea-sickness,  Mr.  J.  Scarth,  in  1869, 
designed  a  swinging  cot,  which  he  hung  from  four  hooks — 
two  at  each  end — ^whilst,  in  order  to  counteradl  the  tendency 
to  extreme  oscillation,  he  attached  vulcanised  india-rubber 
springs,  or  accumulators,  below  the  cot,  in  the  exadl  centre, 
diredlly  perpendicular  from  the  hooks  by  which  it  was  hung, 
and  this  principle  he  proposed  to  apply  to  individual  berths. 
In  1833,  Sir  J.  Herschel  designed  a  somewhat  similar  con- 
trivance, which,  he  says,  proved  perfedlly  successful,  one 
chief  difference  between  his  and  Mr.  Scarth's  plan  being 
that  instead  of  india-rubber  bands  Sir  John  employed  cord 
or  pack-thread.  Subsequently,  in  1869,  Sir  John  Herschel 
proposed,  for  swinging  cots,  to  transfer  the  whole  coercing 
power,  operative  in  deadening  the  effedis  of  oscillation,  at 
once  to  the  point  of  suspension ;  and  so  doing  away  with 
the  necessity  of  attachment  of  any  kind  to  the  walls  or 
floor  of  the  cabin,  whether  by  fridlion  bands  or  by  elastic 
straps,  and  this  he  proposed  to  accomplish  by  hanging  the 
cot  from  the  roof  by  a  light  but  rigid  iron  framework,  hav- 
ing a  stiff  ball-and-socket  attachment  lined  with  compressed 
felt  or  other  similar  material,  in  order  to  offer  sufficient 
fridlional  resistance  to  oscillation. 
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A  floating  cabin  was  designed  by  M.  Alexandrovski, 
which,  instead  of  being  attached  to  a  pivot,  as  in  the  Besse- 
mer saloon,  floated  in  a  kind  of  tank  placed  amidships 
between  the  engines.  This  invention,  it  is  said,  was  tested 
by  the  Grand  Duke  Constantine,  in  his  capacity  as  head  of 
the  Naval  Department,  with  a  perfedlly  satisfactory  result. 
All  efforts  to  shake  the  cabin  proving  utterly  unsuccessful, 
the  pitching  as  well  as  the  rolling  motion  of  the  vessel 
being  completely  count  cradled.  A  combination  of  both  the 
Bessemer  and  Alexandrovski  plans  was  also  recently  pro- 
posed by  Mr.  A.  Allen,  of  Scarborough,  the  objecSt  of  which 
was  to  give  a  steady  saloon  cabin  or  gun  deck  at  sea. 
This  cabin  was  to  be  construdled  of  two  spherical  segments, 
the  outer  segment  or  dock  being  fixed  in  the  ship,  and  the 
inner  segment  being  floated  on  a  film  of  water  in  the  dock, 
like  one  basin  floated  in  another,  the  inner  one  or  cabin 
being  maintained  at  its  proper  height  by  being  supported 
on  a  centre  pillar  passing  up  a  conical  passage  in  its  centre, 
and  which  would  allow  20  degrees  of  roll  on  either  side,  or 
40  degrees  in  all. 

We  have  now  to  consider  the  several  plans  proposed  for 
conveying  trains  across  the  Channel  by  huge  ferry  steamers* 
In  the  Exhibition  of  1862,  a  proposition  by  Mr.  Evan  Leigh 
for  conveying  trains  across  the  Straits  of  Dover  on  board 
large  ferry  boats  or  rafts  was  exhibited  by  means  of  models, 
but  it  does  not  appear  that  his  projedl  ever  found  any  sub- 
stantial supporters. 

In  1865  a  company  was  formed  to  place  on  the  Channel  a 
line  of  steamers  from  Dover  to  Calais,  so  large  that  the 
railway  trains  should  run  on  board  them,  and  there  bodily 
remain  to  be  run  out  again  on  the  other  side  after  crossing 
the  Channel,  and  which,  by  their  magnitude,  it  was  expe<5ted, 
would  ride  over  the  waves  without  putting  the  passengers  to 
the  slightest  inconvenience.  The  miseries  hitherto  inevi- 
table to  this  passage  had,  it  was  remarked,  been  chiefly  en- 
tailed by  the  restridlion  to  boats  of  a  size  proportioned  to 
the  shallowness  of  the  water  on  either  shore.  The  new  pier 
at  Dover  has  overcome  that  obje<5lion  on  this  side,  and  it 
was  rumoured  that  the  French  Government  had  granted  a 
concession  for  the  requisite  extension  of  that  at  Calais  on 
the  other  side.  Such  a  scheme  was  indeed  before  Parlia- 
ment in  1866,  and  was  originated  by  Mr.  J.  Fowler,  whose 
proposal  was  to  construft  steamers  one-third  longer  than 
the  vessels  on  the  Kingstown  and  Holyhead  service,  and 
their  decks  were  to  be  roofed  over  so  as  to  proteft  the  trains 
during  the  passage.      The  proposed  dimensions  of  these 
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vessels  was — Length,  450  feet ;  breadth,  57  feet ;  with  12  feet 
draught  of  water.  A  Bill  for  efifedling  improved  communi- 
cation across  the  Channel  by  this  means  was  three  times 
before  Parliament.  In  1869  a  projedt,  having  the  sup- 
port of  Messrs.  Fowler,  Abernethy,  and  W.  Wilson,  contem- 
plated the  construdtion  of  very  extensive  harbour  and  dock 
works  on  either  side  of  the  Channel  in  addition  to  the  con- 
strudtion of  the  large  ferry  steamers  above  referred  to,  and 
in  November  of  that  year  an  influential  deputation  from 
England  laid  the  scheme  before  M.  Gressier,  the  Minister 
of  Public  Works  in  France,  by  whom  it  was  favourably 
entertained. 

In  consequence  of  the  very  defedlive  state  of  the  accommo- 
dation afforded  by  the  Channel  steamers  plying  between  this 
country  and  the  Continent,  the  Council  of  the  Society  of 
Arts,  in  1869,  oiTered  the  Gold  Medal  of  the  Society  and  the 
large  Silver  Medal  of  the  Society  for  the  best  and  the  second 
best  model  of  a  steamer  which  should  aiford  the  most  conve- 
nient shelter  and  accommodation  to  passengers  on  the  deck  of 
the  vessel  crossing  the  Channel  between  England  and  France. 
The  size  of  the  vessel  was  not  to  exceed  in  tonnage  and 
draught  the  best  vessels  then  in  use  between  Folkestone  and 
Boulogne.  Seventeen  models  were  sent  in  competition, 
which  were  referred  to  a  Committee  consisting  of  Lord 
Henry  G.  Lennox,  M.P.,  Seymour  Teulon,  Rear-Admiral 
Ommanney,  C.B.,  F.R.S.,  Admiral  Ryder,  E.  J.  Reed,  C.B., 
Capt.  Boxer,  R.N.,  C.  W.  Merrifield,  F.R.S.,  H.  Cole,  C.B., 
and  Captain  Tyler.  From  the  report  of  this  Committee  it 
appears  that  three  of  the  models  only  conformed  to  the  condi- 
tions laid  down  by  the  Council,  but  none  of  these,  in  the 
opinion  of  the  Committee,  presented  sufficient  novelty  or 
merit  to  justify  the  award  of  the  medal. 

In  this  year  also  Captain  Tyler,  R.E.,  in  compliance  with 
instrudtions  from  the  Board  of  Trade,  visited  the  French 
and  English  coasts  with  a  view  to  preliminary  enquiry  as  to 
the  improvements  which  might  be  efifedled  in  the  means  of 
communication  between  the  two  countries.  He  reported 
that  considering  the  restridtions  as  to  dimensions  imposed 
by  the  circumstances  of  the  harbours  and  the  various  con- 
ditions of  the  service,  the  steamers  employed  in  the  Channel 
service  were  admirably  construdted  for  the  work  they  were 
required  to  perform.  With  regard  to  Mr.  Fowler's  proposal 
for  large  steamers  and  improved  harbour  accommodation  on 
both  sides  of  the  Channel,  Captain  Tyler  observed  that  it 
was  a  question  whether  it  would  be  worth  while  to  ferry  the 
railway  carriages  as  well  as  the  passengers  across    the 
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Channel ;  but  that  the  main  features  of  an  improved  harbour 
at  Dover  and  a  new  harbour  south  of  Cape  Gris-Nez  were 
sound,  if  means  could  be  found  for  meeting  so  great  an  ex- 
pense as  the  works  would  entail.  Captain  Tyler  then  pro- 
ceeded to  consider  the  pra(5licability  of  improving  the  existing 
harbours  so  as  to  fit  them  for  a  service  of  larger  vessels, 
aftei*  which  he  diredted  attention  to  the  bolder  schemes 
which  had  been  put  forward  from  time  to  time  for  avoiding 
the  use  of  steam  vessels  altogether  by  the  construdlion  of 
bridges,  or  tunnels,  or  tubes  over,  under,  or  in  the  bed  of  the 
Channel,  with  or  without  islands,  piers,  or  air-shafts,  so  as 
to  conne<5l  the  railway  system  of  England  diredlly  with  that 
of  the  Continent. 

After  briefly  referring  to  the  plan  proposed  by  M.  Mathieu, 
Captain  Tyler  proceeded  to  observe  that,  after  a  series  of 
geological  investigations,  M.  Thom6  de  Gamond  also  pro- 
posed, in  1856,  the  construction  of  a  tunnel,  and  his  propo- 
sitions were  submitted  to  the  examination  of  a  scientific 
Committee  by  order  of  the  French  Emperor  in  that  year. 
That  commission  appears  to  have  come  to  the  conclusion 
that  it  was  desirable  to  test  his  investigations  by  sinking 
shafts  and  driving  short  headings  under  the  sea  at  the  ex- 
pense of  the  two  Governments.  Mr.  Low,  an  English 
engineer,  also  laid  his  plans  for  a  tunnel  before  the  Emperor 
in  1867,  and  Mr.  Hawkshaw,  whose  attention  had  been  for 
some  years  dire<5ted  to  the  subjedl,  caused  a  trial  boring  to  be 
sunk  on  each  side  of  the  Channel  in  1866  in  order  to  test  prac- 
tically the  result  of  his  geological  investigations.  Mr.  Reming- 
ton published  a  plan  for  a  tunnel  in  1865,  and  deposited 
plans  and  sedtions  of  it  with  the  Board  of  Trade.  And 
amongst  the  names  of  other  proposers  or  projectors  in  this 
diredlion  may  be  enumerated  Messrs.  Franchot,  Tessier, 
Favre,  Mayer,  Dunn,  Austin,  Sankey,  Boutet,  Hawkins 
Simpson,  Boyd,  and  Chalmers.  Of  these  various  projects 
those  which  have  of  late  made  the  most  progress  are  the 
bridge  scheme  of  M.  Boutet,  and  the  tunnel  scheme  pre- 
sented under  the  chairmanship  of  Lord  Richard  Grosvenor, 
with  Messrs^  Hawkshaw,  Brunlees,  and  Low  as  engineers 
on  the  English  side,  assisted  by  Messrs.  Talabot,  Michel 
Chevalier,  and  Thom6  de  Gamond  on  the  French  side.  The 
result  of  the  deliberations  of  a  French  commission,  which 
was  appointed  by  the  Emperor,  and  presided  over  by  M. 
Combes,  the  Director  General  of  the  Ecole  des  Mines,  to  in- 
quire into  this  last-mentioned  scheme,  were  on  the  whole 
favourable  as  regards  the  geological  and  engineering  parts  of 
the  projedt,  though   the   members  of  the  commission  were 
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divided  as  regards  its  financial  prospedls,  the  president  and 
two  members  attaching  more  importance  to  the  '*  utility  and 
grandeur  of  the  undertaking,"  and  three  other  members 
looking  at  it  from  a  more  stri<5lly  economical  point  of  view. 
The  General  Council  of  Pont-et-Chauss6es,  presided  over  by 
the  Minister  of  Public  Works,  to  whom  the  matter  was  after- 
wards referred,  were  unable,  "upon  the  documents  submitted 
to  them,  to  decide  on  the  probability  of  success  of  the  tunnel 
under  the  Channel,"  and  considered  that  "if  from  political 
considerations,  the  undertaking  should  be  considered  useful, 
the  Government  should  follow  up  the  investigations  at  their 
own  expense." 

In  reporting  on  the  different  projedls  put  forward  with  a 
view  to  improving  the  means  of  communication  between 
England  and  France,  Captain  Tyler,  referring  to  the  last 
mentioned  projedt,  remarked  : — 

"  In  this  scheme  it  is  proposed  to  commence  by  driving 
preliminary  driftways  through  the  grey  chalk,  at  a  great 
depth  below  the  bed  of  the  Channel,  between  a  point  near 
Dover  and  another  point  near  Calais;  as  it  is  conceived  that 
this  material  would  be  easily  cut  through,  and  would  not  be 
likely  to  present  insuperable  difficulties  from  the  influx  of 
water;  whereas  Mr.  Remington  selefts  the  line  from  Dunge- 
ness  to  Cape  Gris-Nez,  in  order  to  avoid  the  chalk,  and  the 
fissures  which  he  fears  to  encounter  in  it,  and  to  work  in  the 
Wealden  formation,  which  would,  he  believes,  afford  a  greater 
chance  of  success. 

.  "  In  the  case  of  M.  Boutet's  bridge  scheme,  an  associa- 
tion has  been  formed  for  making  experiments,  two  small 
bridges  have  been  built  in  France,  and  arrangements  are 
made  near  St.  Malo  for  a  third,  a  mile  in  length,  to  be  con- 
strudted  in  two  spans  of  half  a  mile  each.  The  Emperor 
Napoleon  visited  the  works  of  M.  Boutet,  on  a  site  granted 
by  the  French  Government,  and  His  Majesty  is  stated  to 
have  expressed  himself  favourably  with  regard  to  the  projedt. 
This  bridge  is  intended  to  cross  from  Dover  to  Blancnez, 
and  is  advocated,  in  a  paper  forwarded  on  the  27th  June  to 
the  Board  of  Trade  as  (i)  being  less  costly  than  a  tunnel; 
(2)  occupying  less  time  in  construction  ;  (3)  giving  no  trouble 
in  ventilation  ;  (4)  avoiding  the  danger  of  sudden  inundations. 
"  Mr.  Charles  Boyd  has  forwarded  to  the  Board  of  Trade 
a  pamphlet  containing  his  proposal  for  a  *  marine  viadudl ' 
from  Dover  to  Cape  Gris-Nez,  construdted  with  iron  girders 
on  190  towers,  500  feet  apart,  and  500  feet  above  the  sea, 
and  he  estimates  the  cost  of  such  a  bridge  at  ^^30,000,000. 
"  Mr.   Hawkins   Simpson  has  addressed  the   Board  of 
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Trade  on  the  subjedl  of  working  a  submarine  tunnel  on  a 
pneumatic  system,  which  he  has  termed  his  *  Eolian  sys- 
tem/ for  which  he  claims  cheapness,  expedition,  superior 
ventilation,  and  greater  utility. 

"  Mr.  Alexander  Vacherot  has  submitted  to  the  Board  of 
Trade  a  scheme  on  which  he  has  several  years  been  engaged, 
and  which  he  laid  before  the  Emperor  of  the  French  in  1856, 
for  *  laying  on  the  bed  of  the  sea  a  tunnel  made  or  formed 
of  concrete,  so  as  to  form,  when  completed,  a  monolith.* 
He  would  construct  it  on  the  shore  and  *  draw  it  down  to  its 
place  in  sedtions.*  And  he  considers  that  greater  economy 
and  security  might  thus  be  obtained  than  by  the  other 
methods  that  have  been  proposed." 

After  reviewing  these  several  projedls  Captain  Tyler, 
though  unable  to  convince  himself  of  the  feasibility  of  any 
bridge  scheme,  considered  "  that  it  might  be  wise  to  test  the 
pradticability  of  a  tunnel  scheme  by  means  of  preliminary 
driftways.  It  is  probable,"  he  said,  "  that,  even  if  any  of  them 
should  hereafter  be  carried  out  in  practice,  they  could  not  go 
forward  otherwise  than  under  the  supervision  of,  and  a  pre- 
vious guarantee  from,  the  two  Governments;  and  obvious  that, 
as  at  least  10  or  perhaps  15  years  may  elapse  before  they  could 
be  made  available  for  traffic,  improvements  in  the  shape  of 
more  convenient  and  larger  steam  vessels  are  required  in  the 
meantime  for  the  better  performance  of  the  service." 

In  the  spring  of  1870  Vice-Admiral  Sir  Edward  Belcher 
read  a  paper  before  the  Institution  of  Naval  Architects 
wherein  he  expressed  himself  favourable  to  a  proposed  ferry 
scheme,  and  to  the  practicability  of  constructing  ferry 
steamers  suitable  for  the  service.  The  outbreak  of  war 
on  the  Continent  put  an  end  to  Mr.  Fowler's  projedt ;  but, 
in  1871,  we  find  M.  Dupuy  de  Lome  at  the  head  of  a 
similar  undertaking  in  France.  His  projedl  was  for,  first, 
the  creation  at  Calais  of  a  maritime  station,  with  16  feet 
6  inches  depth  of  water  at  the  lowest  tides,  and  about  30 
acres  in  area,  connected  with  the  shore  by  an  iron  railway 
jetty,  making  a  junction  with  a  branch  of  the  Northern 
Railway — and  open  to  the  sea  by  an  entrance  260  feet  wide, 
accessible  in  all  weathers,  and  at  every  stage  of  the  tide ; 
secondly,  the  construction,  for  crossing  the  Channel,  of  steam 
vessels  of  large  dimensions  and  of  great  power,  embracing 
all  of  the  most  important  conditions  of  speed  and  comfort, 
and  able  to  carry  30  passenger  carriages  or  goods  wagons. 
These  vehicles  would  be  placed  on  a  double  line  of  rails 
running  fore  and  aft  ;^  they  would  be  shipped  and  unshipped 
by  the  assistance  of  a  system  of  inclined  planes  leading  to 


498  The  Channel  funnel.  [OcSlober, 

three  landing  stages  of  different  heights,  and  alongside 
which  the  ferries  would  run  according  to  the  state  of  the 
tide.  A  paper  on  this  subject  was  read  by  M.  Dupuy  de 
Ldme  before  the  French  Geographical  Society  in  1873.  In 
1871  the  Society  of  Aits  appointed  a  Committee  to  consider 
and  report  how  far  the  existing  means  of  crossing  the  Chan- 
nel could  be  improved.  In  their  report  several  modifications 
in  existing  vessels,  and  new  boats  about  fifty  feet  longer 
than  the  existing  boats,  were  suggested,  but  an  opinion  was 
expressed  that  no  large  measure  of  improvement  could  be 
effedled  in  the  Channel  passage  unless  with  vessels  of  much 
larger  size,  which  would  involve,  in  the  first  instance,  con- 
siderable improvements  in  the  French  harbours  of  Calais 
and  Boulogne,  and  subsequently  the  extension  of  the  low- 
water  pier  at  Folkestone. 

Mr.  Fowler  again  brought  forward  his  ferry  scheme  in 
1872,  and  Mr.  Hawkshaw  at  the  same  time  was  supporting 
an  alternative  design  for  an  improvement  of  the  existing 
means  of  communication  by  the  establishment  of  a  service 
of  vessels  of  considerable  size,  to  which  the  existing  harbours 
might  be  adapted  without  an  excessive  cost. 

The  Bill  lor  Mr.  Fowler's  projeft  passed  the  House  of 
Commons  in  1872,  but  it  was  thrown  out  in  the  Lords  by  a  very 
small  majority.  From  this  date  comprehensive  schemes  for 
a  railway  ferry  across  the  Channel  appear  to  have  been  aban- 
doned, and  in  their  place  projects  were  started,  the  one  by 
Mr.  Dicey  and  the  other  by  Mr.  Bessemer,  for  constru<5ting 
steamers  of  special  and  novel  design,  on  board  of  which 
passengers  would  be  enabled  to  undertake  the  passage  across 
the  Channel  without  fear,  no  matter  how  bad  sailors  they 
might  be.  Both  of  these  vessels  have  now  been  constructed, 
and  as  they  have  been  described  in  former  pages  of  this 
journal  it  is  not  necessary  to  enter  into  any  detailed  descrip- 
tion of  them  on  the  present  occasion. 

Having  now  made  a  rapid  review  of  the  general  question 
of  improved  communication  between  England  and  Europe, 
and  of  the  several  projects  that  have  from  time  to  time  been 
proposed  for  the  purpose,  it  remains  only  to  enter  somewhat 
tnore  fully  into  detail  with  regard  to  the  great  tunnel  scheme 
which,  to  all  present  appearances,  is  about  to  be  commenced. 
In  doing  this  we  shall  purposely  avoid  all  reference  to  the 
probable  traffic  and  commercial  results  of  the  undertaking, 
and  shall  confine  our  investigations  to  the  proposed  line  of 
route,  the  geological  features  of  the  strata  to  be  pierced, 
and  the  general  engineering  features  of  the  work. 

Two  principal  schemes  have  been  proposed  for  a  tunnel 


1 875-]  T'Ae  Channel  Tunnel.  499 

under  the  Channel,  the  one  by  M.Thom6  de  Gamond  between 
Eastwear  Bay  near  Folkestone,  on  the  English  side,  to  Cape 
Gris-Nez  on  the  French  coast,  and  the  other,  which  has 
already  been  referred  to,  and  with  which  the  names  of 
Hawkshaw,  Brunlees,  and  Low  are  associated,  from  between 
St.  Margaret's  Bay,  near  the  South  Foreland,  to  a  point  be- 
tween Sangatte  and  Calais.  The  former  of  these,  it  was 
subsequently  ascertained,  would  pass  through  a  number  of 
different  beds.  In  mid-channel  on  this  line  there  are  two 
shoals,  known  as  the  Varne  and  the  Ridge,  which  belong  to 
the  Portland  formation,  the  same  as  that  to  which-  the  cliffs 
at  Cape  Gris-Nez  belongs,  and  under  it  are  the  Kimmeridge 
Beds.  These  rocks  dip  to  the  north-west,  and  it  is  supposed 
that  somewhere  between  Cape  Gris-Nez  and  the  Varne  the 
Kimmeridge  clay  wholly  disappears,  whilst  somewhere  to  the 
west  of  the  Varne  and  nearer  to  the  English  coast  the  Port- 
land beds  also  disappear  and  are  overlaid  by  the  Wealden 
series.  Probably  the  Hastings  beds  immediately  overlie 
these,  and  above  them  again  is  the  Weald  clay ;  but  where 
the  outcrop  occurs,  or  what  is  the  thickness  of  the  various 
beds,  is  not  known.  M.  de  Gamond's  tunnel,  therefore,  as 
was  pointed  out  by  Mr.  William  Topley  in  an  article  on  the 
**  Geology  of  the  Straits  of  Dover,"  which  appeared  in  this 
Journal  in  April,  1872,  would  pass  through  a  number  of  dif- 
ferent beds ;  but  how  many  is  uncertain,  for  it  crosses  the 
lines  along  which  the  changes  above  indicated  must  some- 
where occur.  There  is  no  doubt  that  it  would  pass  through 
all  the  English  divisions  of  the  Lower  Greensand,  for  it 
would  intersect  these  very  near  the  coast ;  and  it  cannot  be 
supposed  that  the  change  which  these  must  undergo  takes 
place  suddenly.  Farther  out  in  the  Channel  it  would  prob- 
ably go  through  Weald  clay,  possibly  it  might  touch  the 
Hastings  beds;  beyond  this  again  it  might  intersedt  the 
Portland,  and  finally  it  would  cut  through  the  Kimmeridge. 
The  various  beds  that  would  be  intersefted  by  this  tunnel 
are  of  very  different  characters ;  some  are  highly  porous  and 
some  wholly  impervious. 

The  tunnel  which  it  is  proposed  to  take  from  St.  Marga- 
ret's Bay  to  near  Sangatte  will,  it  is  supposed,  go  entirely 
through  the  chalk  without  flints.  The  following  particulars 
of  this  projedl  are  taken  from  a  paper  on  the  "  Channel 
Tunnel  **  read  before  the  Society  of  Arts  on  the  i8th  March, 
1874,  by  Mr.  W.  Hawes,  F.G.S.,  and  from  a  **  Statement  by 
the  Committee  of  the  Channel  Tunnel  Company  (Limited)" 
published  in  1874. 

In  1865  Sir  John  Hawkshaw  began  his  praftical  researches 
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into  the  nature  of  the  strata  beneath  the  Channel,  which 
confirmed  the  theories  of  the  geologists,  threw  new  light  on 
the  subject,  and  put  the  question  of  a  submarine  tunnel  in  a 
position  to  be  seriou^y  discussed  and  considered  by  the 
public.  Before  that  time  he  had  given  the  subjedl  much 
consideration,  but  in  that  year  he  caused  careful  geological 
surveys  and  investigations  to  be  made  of  the  Channel,  and 
afterwards,  in  conjundlion  with  the  late  Mr.  Brassey  and 
Mr.  George  Wythes,  had  borings  sunk  on  each  coast.  Sub- 
sequently, by  means  of  apparatus  contrived  for  the  purpose, 
he  examined  the  bottom  of  the  Channel  all  across  in  a  great 
number  of  places,  and  raised  specimens  of  the  sea  bed  for 
examination,  by  which  it  appears  to  have  been  satisfactorily 
established  that  the  adtual  position  of  the  chalk  across  the 
Channel  is  very  nearly  identical  with  that  deduced  from 
previous  enquiries,  and  its  unbroken  continuity  placed  al- 
most beyond  doubt.  Its  thickness,  determined  by  deep 
borings  on  both  sides,  is  proved  to  be  above  500  feet  below 
high-water  mark,  with  an  ample  thickness  of  the  lower  or 
grey  chalk  between  the  bottom  of  the  sea — which  is  nowhere 
more  than  180  feet  deep — and  the  crown  of  the  tunnel,  as 
well  as  between  the  bottom  of  the  tunnel  and  the  green 
sand  or  water-bearing  strata  underlying  the  grey  chalk. 
The  tunnel  has  been  placed  by  the  engineers  at  such  a  level 
that  the  depth  of  strata  over  it  will  nowhere  be  less  than 
200  feet,  and  this  depth,  which  is  desirable  for  security,  will 
permit  the  railway  approaches  to  be  formed  with  not  un- 
favourable gradients. 

In  the  opinion  of  M.  de  Souch,  Inspedlor-General  of 
Mines  in  France,  the  line  selected  by  the  engineers  of  the 
Channel  Tunnel  Company  is  the  only  one  which  presents 
chances  of  success,  and  is  the  only  rational  one.  The  Com- 
mission appointed  by  the  late  Emperor  of  the  French  to 
examine  this  projedl  reported  that  there  was  every  reason 
to  believe  that  the  chalk  formation  extends  under  the  Chan- 
nel between  Dover  and  Calais  and  that  "  the  thickness  of 
the  grey  chalk  gives  a  certain  latitude  for  the  maintenance 
of  the  tunnel  in  the  same  diredtion,  even  where  the  level  of 
the  bed  of  the  sea  may  be  subjedt  to  some  undulations  ;  and 
they  believe  that  the  existence  of  any  great  frafture  in  the 
chalk  is  very  improbable." 

On  the  other  hand,  we  have  the  opinion  of  so  high  an 
authority  as  Mr.  Joseph  Prestwich,  Vice-President  of  the 
Geological  Society,  who  does  not  entertam  such  sanguine 
views  as  to  the  suitability  of  the  chalk  stratum  for  the  con- 
struction of  the  proposed  tunnel,  as  will  be  seen  from  the 
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following  remarks  extra(5led  from  a  paper;  read  by  him  before 
the  Institution  of  Civil  Engineers  in  December,  1873  : — 

"  The  chalk  formation,  which  everywhere  in  the  south-east 
of  England   and   the   north-west  of  France  underlies  the 
Tertiary  series,  has  a  maximum  thickness  of  from  1000  feet 
to  1300  feet ;  but,  as  much  of  it  has  in  this  area  been  worn 
away  or  denuded  before  the  deposition  of  the  Tertiaiy  strata, 
its  a(5tual  thickness  in  the  district  under  notice  varies  from 
300  or  400  feet  to  800  or  1000  feet.     The  upper  beds  consist 
of  almost  pure  carbonate  of  lime,  easily  worn  by  water,  and 
being  also  soft  and  fissured  they  are    readily  permeable. 
But  the  Lower  Chalk  or  Chalk  Marl  contains  so  large  a 
proportion  of  argillaceous  matter  and  silica  in  a  state  of  fine 
division  that  some  beds  pass  almost  into  a  clay,  and  when 
unbroken  and  compadl  very  little  water  can  pass  through 
them,  and  then  only  with  extreme  slowness,  though  this  will 
increase  under  pressure.     But  although  a  small  bore-hole 
or  even  a  shaft  may  often  be  carried  through  a  considerable 
thickness  of  Lower  Chalk  and  no  water  obtained,  the  occur- 
rence of  fissures  is  too  uncertain  to  render  it  a  reliable  me- 
dium over  a  large  area.     In  some  cases  where  the  Lower 
Chalk  comes  to  the  surface,  and  is  more  broken  and  fissured, 
the  quantity  of  water  it  yields  is  very  large,  as  in  the  instance 
of  the  Tring  cutting  described  by  Robert  Stephenson,  where 
the  discharge  was  at  the  rate  of  1,000,000  gallons  per  day; 
or  at  Folkestone,  where  the  town  water  supply  is  obtained 
from  the  Lower  Chalk  of  the  adjacent  downs.    On  the  other 
hand,  the  Chalk  Marl  in  France  and  Belgium  adls  as  an 
impermeable  stratum  in  stopping  the  passage  of  water  from 
the  very  permeable  Upper  Chalk  into  the  underlying  coal 
measures  ;  and  no  water  was  found  in  it  either  at  Kentish 
Town,  Harwich,  Southampton,  or  Calais ;  but  the  diameter 
of  the  bore-holes  by  which  they  were  traversed  were  very 
small.     At  Calais  one  spring  was  met  with  at  a  depth  of  70 
feet  in  the  Upper  Chalk,  and  the  water  was  brackish,  show- 
ing communication  with  the  sea.     Nor  must  it  be  forgotten 
that  wells  in  the  Chalk  under  London  have  to  be  carried  or 
bored  to  depths  of  from  10  to  300  feet  before  meeting  with 
water-bearing  fissures,  or  else  headings  have  to  be  driven  in 
search  of  one.     Again,  the  escarpment  of  the  North  Downs 
and  that  of  the  chalk  hills  of  Wiltshire,  Oxfordshire,  and 
Buckinghamshire  are  fringed  with  numerous  springs,  which 
issue  at  their  base.     These  springs,  although  thrown  out 
generally  by  the  Chalk  Marl,  are  apparently  not  always  at 
the  top  of  it,  but  often  low  do>yn  in  the  deposit,  and  they 
constantly  wear  their  point  of  issue  from  a  higher  to  a  lower 
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level.  Whatever  the  level  of  the  spring  the  water  of  course 
passes  through  all  the  superincumbent  portions  of  the  Chalk 
Marl.  This  very  commonly  impermeable  charadler  of  the 
Chalk  Marl  has  given  rise  to  the  hope  that  it  might  prove 
compadl  enough  for  a  submarine  tunnel  under  the  Channel 
between  CapeBlancnez  and  the  South  Foreland;  but  when 
it  is  considered  that  such  a  work  would  have  to  face  the 
risks  arising  from  the  lateral  passage  of  the  inland  springs 
and  from  the  chance  fissures  so  common  to  calcareous  rocks 
communicating  with  the  sea,  it  is  feared  that  the  difficulties 
would  prove  to  be  of  a  very  formidable  nature.  It  is  to 
be  observed  that  in  the  Channel  the  chalk  is  frequently  bare, 
besides  being  unprotedled  by  any  overlying  strata." 

The  foregoing  observations  demand  our  full  respedl,  but, 
on  the  other  hand,  the  possibility  of  tunnelling  beneath  the 
sea  without  being  exposed  to  an  irruption  of  sea  water  is 
shown  in  the  submarine  galleries  of  some  mines  in  Cornwall, 
Cumberland,  and  elsewhere.  In  a  treatise  on  Mines  and 
Mining  by  Mr.  Price,  published  in  1778,  he  treats  especially 
of  mining  under  the  sea,  and  refers  particularly  to  the  free- 
dom of  water  in  such  works. 

It  is  probable,  and  the  engineers  anticipate  that  at  the 
shore  end  of  the  Channel  Tunnel,  especially  in  constructing 
the  shaft  through  the  upper  strata,  a  considerable  quantity 
of  water  will  be  met  with,  but  not  sufficient  to  prevent  the 
execution  of  the  work,  where  pumping  power  of  any  mag- 
nitude could,  if  necessary,  be  applied.  It  is  believed,  and 
there  appear  to  be  reasonable  grounds  for  such  belief,  that 
as  the  work  attains  a  greater  depth  in  the  chalk,  and  espe- 
cially after  the  lower  or  grey  chalk  is  reached,  the  quantity 
of  water  will  diminish,  and  that  in  mid-channel  it  will  be 
less  than  at  the  sides. 

The  geological  features  of  this  projedl  having  now  been 
duly  considered,  it  remains  to  give  some  particulars  of  the 
engineering  nature  of  the  work.  The  distance  across  the 
Channel  at  the  point  selected  is  about  22  miles,  bu^  as  con- 
siderable approaches  will  be  necessary  on  either  shore,  in 
order  to  reach  the  level  of  the  tunnel  entrance,  the  entire 
scheme  will  embrace  about  31  miles  of  railway.  In. the 
first  instance  shafts  will  be  sunk  on  each  shore  to  the  depth 
of  450  feet  below  high-water  mark,  and,  from  the  bottom  of 
these,  driftways  will  be  driven  for  the  drainage  of  the  works 
whilst  in  progress,  and  for  its  permanent  drainage  after 
completion.  The  tunnel,  which  will  be  very  similar  to  an 
ordinary  railway  tunnel  having  two  lines  of  rails,  will  com- 
mence 200  feet  above  this  driftway,  and  will  be  driven  at 
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an  inclination  of  one  foot  in  80  to  the  jundlion  with  the 
drainage  driftway,  and  then  at  a  gradient  of  one  to  2640 
to  the  centre  of  the  Straits,  where  the  tunnel  from  the  Eng- 
lish shore  will  meet  that  driven  exadlly  in  the  same  manner 
from  the  French  shore,  and,  being  united  with  it,  will  com* 
plete  the  submarine  railway  under  the  Channel.  The 
drainage  will  be  from  the  centre  of  the  tunnel  to  either 
end. 

In  the  execution  of  this  work  a  driftway,  9  feet  in 
diameter,  will  first  be  carried  right  through,  and  this 
will  afterwards  be  enlarged  to  the  full  size  of  the  tunnel. 
The  problem  of  the  execution  of  the  tunnel  in  a  reasonable 
time  has  been  simplified  by  the  invention  of  tunnelling 
machinery,  and  the  machine  of  Mr.  Dickenson  Brunton, 
which  has  been  tried  on  a  practical  scale  by  the  company 
in  the  lower  or  grey  chalk,  has  been  quite  successful.  The 
machine  works  like  an  augur  boring  a  hole  in  wood.  The 
chalk  is  cut  off  in  slices,  which  break  up  and  fall  upon  an 
endless  band,  which  loads  them  into  wagons  behind  the 
machine.  The  apparatus  was  tried  by  the  Company  at 
Messrs.  Lee's  Cement  Works,  Snodland,  near  Rochester,  in 
the  grey  or  lower  bed  of  chalk,  such  as  underlies  the 
Channel.  It  made  a  driftway  of  7  feet  diameter,  and  it 
advanced  at  the  rate  of  from  a  yard  to  a  yard  and  a  quarter 
per  hour.  At  this  rate  it  would  only  require  two  years  to 
drive  a  driftway  of  7  or  9  feet  diameter  from  one 
side  of  the  Channel  to  the  other,  a  machine  being  started 
from  each  side.  The  cost  of  driving  a  heading  would  con- 
sist— 1st,  of  tunnelling  machines,  pumps,  and  pumping 
engines ;  2nd,  the  hand  labour,  which  would  not  be  con- 
siderable, as  the  machine  requires  but  few  hands  to  work  it ; 
and,  3rd,  interest  on  the  capital  expended  during  the  execu- 
tion of  the  work,  which  might  last  two  years  or  more. 
Taking  these  three  elements  of  expenditure  into  considera- 
tion, and  according  to  the  calculations  of  experienced  con- 
tractors, it  has  been  found  that  the  driftway  could  be 
executed  for  £800,000,  if  it  required  only  two  years  to 
make  it. 

A^  soon  as  the  driftway  was  completed  the  success  of  the 
undertaking  would  be  assured.  It  would  furnish  the  neces- 
sary data  for  an  exadl  estimation  of  the  cost  of  the  whole 
work  and  the  time  necessary  for  its  execution.  In  fadl, 
all  that  would  be  necessary  would  be  to  enlarge  the  driftway 
to  the  dimensions  of  an  ordinary  railway  tunnel.  It  has 
been  estimated  by  some  engineers  and  contradlors  of  con- 
siderable experience  that  sifter  the  driftway  was  finished, 
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four  years'  time  and  four  millions  of  money  would  complete 
the  work,  including  the  jun<5tions  with  the  English  and 
French  railways  on  either  shore.  Sir  John  Hawkshaw  and 
the  engineers  associated  with  him,  however,  think  it 
prudent  to  double  this  estimate  both  of  time  and  of  cost,  at 
least  until  the  preliminary  work  shall  have  given  them  the 
necessary  data  for  a  more  exadl  estimate  of  the  duration 
and  cost  of  the  work. 

Preliminary  steps  to  test  the  prafticability  of  the  projeft 
are  about  to  be  put  in  hand  without  further  delay,  for  which 
purpose  an  English  and  a  French  Company  have  been  pro- 
moted to  carry  out  experimental  works  on  either  side  of  the 
Channel.  An  A<51  has  been  passed  by  the  British  Parlia- 
ment during  the  past  Session  to  enable  the  English  Com- 
pany to  acquire  the  necessary  lands  at  St.  Margaret's  Bay, 
and  it  is  understood  that  a  projet  du  lot  has  also  been  passed 
in  the  French  Senate  to  confer  the  necessary  powers  on  the 
French  Company.  The  works  to  be  undertaken  by  these 
companies  consist  of  sinking  two  shafts — one  on  either 
coast— about  150  yards  deep,  from  which  an  ordiiraiy  mining 
drifting  about  half  a  mile  long  will  be  driven  under  the  sea. 
This  work  would  be  a  true  beginning  of  the  proposed  per- 
manent tunnel.  Its  cost  is  estimated  at  ^^160,000,  of  which 
sum  it  is  understood  the  two  companies  will  find  j^20,ooo 
each ;  the  Rothschilds  of  London  and  Paris  have  each 
undertaken  to  find  similar  amounts ;  the  Chemin  de  Fer  du 
Nord  will  contribute  ^^40,000,  and  the  London,  Chatham, 
and  Dover  and  South-Eastem  Railways  will  respedlively 
subscribe  ^^20,000. 

It  may  now  be  confidently  anticipated  that  the  com- 
mencement of  this  great  work  will  not  be  delayed.  In 
the  foregoing  account  we  have  purposely  refrained  from 
entering  into  detail  regarding  means  of  ventilation  and 
other  minutiae  of  construction.  The  progress  of  the  work 
will,  however,  be  closely  watched,  and  we  shall  hope  from 
time  to  time  to  give  further  particulars  of  its  advancement 
in  the  chronicles  of  engineering  in  this  journal. 
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VI.      THE     ARCTIC     EXPEDITION     OF     1875. 

By  G,   F.   RODWELL,   F.R.A.S.,   F.C.S., 

Science  Master  in  Marlborough  College. 

T  frequent  intervals  during  the  last  300  years,  the 
Ar<5tic  Circle  has  been  crossed,  and  portions  of  the 
vast  space  within  it  have  been  explored.  Foremost 
among  the  nations  which  have  prosecuted  such  researches 
are  the  English,  Russians,  and  Dutch,  while  the  Americans, 
Austrians,  and  Norwegians  have  latterly  done  good  work  in 
the  same  fruitful  field.  Within  that  charmed  circle  of  eter- 
nal snow  and  ice  the  difficulties  to  be  encountered  are  pro- 
digious, and  the  attradliveness  of  the  exploration  cannot 
compare  with  that  of  tropical  or  temperate  portions  of  the 
earth's  surface.  "  A  region  of  thick-ribbed  ice,  the  home 
of  the  walrus,  seal,  and  bear,  uninhabited  by  man;  a 
stranger  almost  to  flower  and  tree,  whose  forest  giant  is  the 
dwarf  birch,  a  tree  13  inches  in  height ;  the  resting-place  of 
iceberg  and  floe ;  the  seat  of  land  which  is  wrapped  in  a 
mantle  of  frozen  water,  and  of  seas  whose  solidity  equals 
that  of  the  rocks ;  a  spot  on  which  for  four  months  the  sun 
never  shines,  where  the  cold  freezes  the  mercury,  and  the 
thermometer  in  March  ranges  70°  below  zero."  Such  is 
this  inhospitable  region  which  it  is  the  design  of  the  Ardlic 
Expedition  of  1875  to  open  up  to  the  further  knowledge  of 
mankind. 

The  causes  which  have  induced  enterprising  maritime 
nations  to  risk  the  lives  of  their  bravest  men,  and  to  expend 
vast  sums  of  money,  in  endeavours  to  penetrate  an  unknown 
region,  have  been  very  various.  In  the  case  of  most  of  the 
earlier  and  many  of  the  later  expeditions,  the  principal 
cause  was  commercial  interest  rather  than  discovery  for  dis- 
covery's sake.  Hence  Milton  was  led  to  remark  that  the 
early  attempts  at  Ardtic  exploration  "  might  have  seemed 
almost  heroic,  if  any  higher  end  than  love  of  excessive  gain 
and  traffic  had  animated  the  design."  The  various  causes 
which  have  induced  Polar  research  are  the  following: — 
(i).  The  search  for  a  north-west  passage  from  the  Atlantic 
to  the  Pacific,  in  view  of  closer  commercial  relations  with 
India  and  China.  (2).  The  search  for  a  north-east  passage 
to  the  Pacific,  in  view  of  closer  commercial  relations  with 
the  north  of  Russia*  Siberia,  China,  and  India.  (3).  The 
search  for  fresh  whaling  grounds.  (4).  The  search  for  gold 
mines.     (5).  The  exploration  of  the  Hudson's  Ba}' Territory 
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and  of  Northern  Siberia,  for  the  furtherance  of  commerce. 
(6).  The  search  for  the  lost  Erebus  and  Terror.  (7). 
Rewards  offered  by  governments  or  individuals.  (Thus  a  cen- 
tury ago  a  reward  of  ;f  20,000  was  offered  by  Parliament  for 
the  discovery  of  the  north-west  passage ;  also  a  reward  was 
offered  for  the  first  man  who  should  sail  beyond  the  Sg"*  N. 
lat ;  and  in  1818  Parliament  offered  ^^looo  to  the  first  man 
who  should  sail  beyond  83°  N.  lat.,  3^2000  if  he  sailed  to 
Ss"",  3^3000  to  87',  3^4000  to  88^  and  3^5000  to  Sg"* ;  again 
^10,000  was  offered  for  the  solution  of  the  mystery  which 
so  long  overhung  the  fate  of  Erebus  and  Terror).  (8).  The 
prosecution  of  scientific  research,  including  geographical 
surveys  and  deap-sea  soundings.  (9).  In  the  case  of  our 
expedition  of  1875,  the  acquirement  of  "  important  scienti- 
fic and  commercial  results"  ..."  the  importance  of 
encouraging  that  spirit  of  maritime  enterprise  which  has 
ever  distinguished  the  English  people,"  .  .  .  **  the  dis- 
covery of  the  conditions  of  land  and  sea  within  the  unknown 
area,  and  the  investigation  of  all  the  phenomena  in  that 
region  in  the  various  branches  of  science."  (10).  The  dis- 
covery of  the  North  Pole. 

We  have  put  last  on  our  list,  and  would  fain  have  omitted 
altogether,  that  which  many  will  regard  as  the  primary 
obje<5t  of  Arftic  research ;  but  in  truth  the  expression  "  dis- 
covery of  the  North  Pole"  is  scarcely  more  than  a  phrase. 
The  North  Pole  is  in  some  respedts  of  less  interest  than  the 
magnetic  pole  discovered  more  than  40  years  ago.  The 
North  Pole  of  the  earth  is  merely  a  point  terminating  the 
axis  of  rotation  of  the  earth.  It  is  a  spot  on  the  earth's 
surface  where  the  altitude  of  the  sun  is  equal  to  its  declina- 
tion ;  where  the  sun  seems  to  revolve  in  a  circle  parallel  with 
the  horizon,  and  not  to  rise  on  one  side  of  the  horizon  and 
set  on  the  other,  as  with  us.  Nevertheless,  if  we  like  to 
make  the  discovery  of  this  spot  on  the  earth's  surface,  our 
goal  in  the  Arftic  race,  well  and  good ;  the  phrase  may  be 
retained,  because  we  well  know  that  the  pole  cannot  be 
reached  without  a  considerable  exploration  of  the  land  lying 
around  it,  and  this  is  the  real  present  objeft  of  Ardlic 
research.  It  is  a  useful  phrase  because  you  cannot  explain 
to  the  nation  in  general,  and  to  the  sailors  of  the  expedition 
in  particular,  the  results  geographical,  magnetical,  elec- 
trical, thermal,  hydrographical,  geodetical,  meteorological, 
geological,  botanical,  zoological,  and  ethnological,  which 
may  be  expefted  to  accrue  from  the  observations  of  the 
expedition ;  while  the  phrase  "  discovery  of  the  North 
Pole"  has  in  it  a  stimulating  ring,  a  son^ething  tangible 
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and  real — albeit  it  conveys  less  meaning  to  nine  people  out 
of  ten  than  if  we  spoke  of  the  discovery  of  the  Fountain  of 
Jouvance,  or  the  Garden  of  the  Hesperides.  To  our  enter- 
prising spirits  there  is  in  the  term  something  which  excites 
and  stimulates :  the  discovery  of  a  spot  of  earth  upon  which 
man  has  never  trod,  the  attainment  of  a  goal  for  which 
many  have  started,  and  which  none  have  ever  reached ;  a 
something  that  shall  call  forth  all  the  heroism,  energy,  and 
endurance  of  which  a  great  nation  is  capable.  Let  us  look 
back  at  our  list  of  objedts  sought  to  be  accomplished  by 
Ardtic  expeditions,  and  see  how  many  now  remain  to  us. 
(i).  The  North- West  Passage  was  probably  discovered  by  the 
survivors  of  the  Erebus  and  Terror,  and  was  certainly  dis- 
covered a  few  years  later  (1851)  by  Sir  Robert  McClure, 
who  found  a  strait  connecting  Melville  Sound  with  the  Con- 
tinental Channel,  and  who  was  thus  enabled  to  sail  from 
the  Atlantic  to  the  Pacific.  (2).  The  North-East  Passage 
has  been  proved  to  be  altogether  unpradlical,  if  not  alto- 
gether impossible.  (3).  The  highest  pra(5ticable  whaling 
grounds  have  been  discovered.  (4).  The  gold  mines  have 
been  proved  to  be  fabulous,  and  the  imagined  gold  ore  to  be 
iron  pyrites.  (5).  The  Hudson's  Bay  Territory  and  Northern 
Siberia  have  been  fully  explored.  (6).  The  numerous  expe- 
ditions sent  out  between  1847  and  1857  ^0  search  for  the 
crews  of  the  Erebus  and  the  Terror  have  done  their  work. 
For  a  while  their  search  ended  as  did  the  search  of  the 
sons  of  the  Prophets  for  Elijah  who  had  been  taken  from 
their  sight ;  afterwards  they  found  the  records  of  the  lives 
of  brave  men,  the  graves  of  heroes.  (7).  Of  the  rewards 
offered  by  Parliament,  some  have  been  won,  others  remain 
as  yet  unclaimed.  (8).  The  prosecution  of  scientific  research 
remains  with  as  wide  a  field  as  ever,  although  much  has 
been  done.  (9).  The  results  of  our  present  expedition,  which 
we  trust  we  may  be  able  to  give  in  0<5lober,  1876,  and  among 
them  let  us  hope  (10)  the  discovery  of  the  North  Pole.  We 
suppose  that  a  recent  writer  in  the  "Times,"  when  he 
speaks  of  solving  the  "  Polar  mystery,"  means  finding  out 
whether  the  North  Pole  is  surrounded  by  a  great  open  sea, 
or  whether  it  is  situated  on  land  ;  but  Polar  research,  as  we 
have  shown  above,  means  much  more  than  the  discovery  of 
this  spot  on  the  earth's  surface.  In  fa6l  this  is  of  less  than 
secondary  importance  among  the  results  of  our  expedition. 
As  a  means  to  an  end  it  is  alone  important,  for  this  one 
spot  of  earth  cannot  be  discovered  without  the  pre-discovery 
of  ten  thousand  scientific  fadts. 
Before  we  enter  into  an  account  of  some  of  the  more 
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notable  attempts  to  explore  the  Ardlic  Regions,  let  us  open 
a  map  and  glance  at  the  region  in  question.  Looking 
down  upon  the  North  Pole  of  the  earth,  we  notice  at  a  dis- 
tance of  about  1500  miles  from  it  (about  as  far  as  from  the 
North  of  Scotland  to  the  South  of  Spain),  the  circumference 
of  the  Arftic  Circle.  Travelling  east  from  Iceland,  we 
observe  that  the  latter  just  touches  the  northern  border  of 
that  island,  passes  through  the  north  of  Norway,  Lapland, 
and  Russia,  the  south  of  the  Gulf  of  Obi  and  Northern 
Siberia,  passing  a  few  miles  to  the  north  of  the  narrowest 
portion  of  Behring's  Straits ;  continuing  through  Alaska,  it 
cuts  the  northern  portion  of  the  Great  Bear  Lake  and  Cum- 
berland Sound,  the  middle  of  Davis  Straits,  and  so  through 
the  south  of  Greenland  to  Iceland  again.  Grouped  around 
the  Pole  at  distances  of  from  a  thousand  to  twelve  hundred 
miles,  we  have  the  great  northern  limits  of  Europe,  Asia, 
and  America.  The  great  space  of  more  than  one  and  a 
half  million  square  miles  marked  "  unexplored  Polar  Region" 
is  entered  from  the  Atlantic  and  Pacific  Oceans  by  three 
channels — to  wit,  from  the  Pacific  Behring's  Straits,  from 
the  Atlantic,  Davis  Straits,  and  the  great  stretch  of  ocean 
extending  between  Greenland  and  Norway.  If  we  finally 
narrow  our  gaze  to  the  innermost  circle,  10**  (690  miles) 
from  the  Pole  we  notice  that  through  more  than  half  that 
circle  no  land  penetrates ;  indeed  it  is  an  altogether  unknown 
region.  Above  the  north-west  corner  of  Greenland,  we 
have  President's  Land  within  400  miles  of  the  Pole,  while 
above  Novaya  Zemblya  we  have  Petermann  Land,  also 
within  400  miles  of  the  Pole. 

Iceland,  the  northern  portion  of  which,  as  we  have  seen, 
is  on  the  edge  of  the  Ardlic  Circle,  was  discovered  in  the 
year  860  a.d.,  by  a  Norwegian  Vikingr,  and  fourteen 
years  later  it  was  colonised  by  Norsemen.  About  the  year 
890,  Audher,  a  Norwegian,  gave  an  account  of  his  voyages  to 
Alfred  the  Great,  and  there  can  be  no  doubt  from  his  story 
that  he  was  the  first  to  double  the  North  Cape  and  to  enter 
the  Ardlic  Circle.  Nearly  a  century  later  Erikr  Rauthi,  an 
Icelander,  having  been  convidted  of  manslaughter,  was 
banished  from  the  country,  and  determining  to  pass  a  por- 
tion of  his  time  of  banishment  in  exploring  the  Northern 
Seas  he  fitted  out  a  vessel  and  soon  came  in  sight  of  the 
east  coast  of  Greenland.  He  then  doubled  Cape  Farewell, 
and  landed  on  the  western  coast  of  Greenland,  which  he  spent 
three  years  in  exploring.  In  986  he  returned  to  Iceland  and 
reported  so  favourably  of  the  new-found  country  that  he 
persuaded  a  large  body  of  his  countrymen  to  sail  with  him, 
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and  a  colony  was  forthwith  founded.  The  colony  was 
divided  into  East  and  West  Bygd  (Ice.,  byggia^  to  build) :  the 
former  ultimately  contained  go  farms  and  4  churches,  and 
the  latter  190  farms,  a  cathedral,  and  11  churches.  The 
colony  was  christianised  towards  the  close  of  the  tenth 
century,  and  sent  tribute  to  Rome  in  the  form  of  the  tusks  of 
the  morse.  Early  in  the  fifteenth  century  the  colony  ceased 
to  exist.  It  had  undergone  various  misfortunes  :  a  plague 
had  broken  out  among  the  inhabitants  ;  an  irruption  of  the 
aborigines  (Esquimaux)  had  disturbed  the  settlement ;  and 
finally  a  hostile  fleet  laid  waste  the  country.  During  the 
occupation  of  Southern  Greenland  by  the  Icelanders  America 
was  discovered. 

In  1492  Columbus  discovered  the  West  Indies,  and  in 
1498  Vasco  di  Gama  doubled  the  "  Cape  of  Storms."  The 
English  merchants  were  cut  out  from  any  share  of  the  com- 
merce of  the  Indies,  for  the  Pope  had  assigned  the  eastern 
route  to  the  Portuguese,  and  the  western  to  the  Spaniards ; 
hence  it  was  that  the  Merchant  Venturers  of  Bristol  deter- 
mined if  possible  to  achieve  a  North-West  Passage  to  the 
Pacific.  In  the  reign  of  Edward  IV.  a  Venetian  mer- 
chant named  Giovanni  Gabotto  had  settled  in  Bristol,  and 
according  to  Hakluyt  his  celebrated  son  Sebastian  was  born 
in  that  city  in  1467.  Letters  patent  were  presented  to  John 
Gabot  and  his  sons  by  Henry  VII.  permitting  them  to  sail 
under  the  English  flag,  and  to  set  up  the  flag  in  every  newly 
discovered  land.  In  1497  John  Gabot  discovered  Labrador 
and  Newfoundland.  He  appears  to  have  made  two  voyages 
in  search  of  a  north-west  passage,  and  to  have  penetrated  to 
the  58th  degree  of  latitude.  This  was  the  first  attempt  of  the 
English  to  make  the  North- West  Passage.  In  1527  one 
Robert  Thorne  presented  an  address  to  Henry  VIII.  praying 
that  ships  might  be  sent  out  to  the  North  in  quest  of  new  lands, 
since  other  nations  had  already  made  important  discoveries 
in  the  diredlion  of  South,  and  West,  and  East.  He  argued 
that  if  the  seas  above  Newfoundland  be  navigable  it  would 
be  possible  to  sail  due  North,  pass  the  Pole,  and  descend  to 
the  equinodlial  line  near  to  the  Spice  Islands,  and  thus  to 
outstrip  the  Spaniards  and  Portuguese.  Two  ships  were 
equipped  for  this  purpose  by  Henry  VIII. ;  one  was  lost  in 
a  storm,  the  other  got  no  further  than  Newfoundland. 

An  attempt  was  made  in  the  reign  of  Edward  VI.  to  sail 
to  India  by  a  north-east  passage,  and  a  company  of  mer- 
chants (afterwards  incorporated  and  styled  "  The  Fellow- 
ship of  English  Merchants  for  the  Discovery  of  New 
Trades,"  but    now  commonly  known    as    the  "  Muscovy 
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Company),  sent  out  three  vessels  sailing  under  the  directions 
of  Sebastian  Cabot,  Grand  Pilot  of  England.  The  crews  of 
two  of  these  vessels,  together  with  the  Admiral,  Sir  Hugh 
Willoughby,  were  frozen  to  death  near  the  mouth  of  the 
Northern  Dwina.  The  crew  of  the  third  vessel  returned 
overland  to  England  from  St.  Nicholas  on  the  White  Sea. 
The  Muscovy  Company,  nothing  daunted,  fitted  out  a  pin- 
nace named  the  Serchthrift  in  1556  for  the  search  for  the 
North-East  Passage.  Sebastian  Cabot,  although  in  his  88th 
year,  was  an  adlive  member  of  the  company,  and  direfted  the 
new  expedition,  the  command  of  which  was  given  to  Stephen 
Borough.  "  On  the  27th  of  April,"  says  Borough,  "  being 
Monday,  the  Right  Worshipful  Sebastian  Cabot  came  on 
boord  our  pinnesse  at  Grauesende,  accompanied  with  divers 
gentlemen  and  gentlewomen,  who,  after  they  had  viewed 
our  pinnesse  and  tasted  of  such  cheere  as  we  could  make 
them  aboord,  they  went  on  shore  giving  to  our  mariners  right 
liberall  rewards,  and  the  good  olde  gentleman,  Master  Cabota, 
gave  to  the  poore  most  liberall  almes,  wishing  them  to  pray 
for  the  good  fortune  and  prosperous  successe  of  the  Serchthrift 
— our  pinnesse.  And  then  at  the  sign  of  the  Christopher 
hee  and  his  friends  banketed  and  made  mee  and  them  that 
were  in  the  company  great  chere  ;  and  for  very  joy  that  he 
had  to  see  the  forwardness  of  our  intended  discovery,  he 
entred  into  the  dance  himselfe  among  the  rest  of  the  young 
and  lusty  company :  which  being  ended  hee  and  his  friends 
departed  most  gently,  commending  us  to  the  governance  of 
Almighty  God."  During  this  voyage  Borough  discovered 
the  Strait  between  Novaya  Zemlya  and  Vaigat  Island 
sometimes  called  the  Strait  of  Kara ;  but  he  did  not  prose- 
cute his  researches  further  to  the  East,  having  seen  "  a  ter- 
rible heape  of  ice  approach  neere."  The  Dutch  stimulated 
by  the  English  attempts  to  effedt  a  north-east  passage  sent 
out  an  expedition  from  Amsterdam  in  1594  commanded  by 
William  Barentzoon,  who  made  three  voyages,  the  third  of 
which  was  by  far  the  most  important.  During  this  voyage 
he  discovered  Spitzbergen,  and  sailed  round  the  north-west 
end  of  Novaya  Zemlya.  In  the  winter  of  1596-97  Barents, 
with  sixteen  of  his  countrymen,  found  themselves  entirely 
hemmed  in  by  ice  at  the  north  of  Spitzbergen,  and  they  were 
compelled  to  land  and  build  a  house  out  of  drift-wood  and 
portions  of  their  ship.  In  June,  1597,  they  set  sail  for  the 
South,  and  a  few  days  later  Barents  died^  The  survivors, 
after  undergoing  frightful  hardships,  reached  Kola,  in  Lap- 
land, after  a  voyage  of  1600  miles  in  open  boats  through  a 
stormy  and  icy  sea,  and  were  picked  up  by  a  Dutch  vessel. 
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In  1871,  no  less  than  278  years  since  the  crew  of  Barents 
wintered  in  Ice  Haven,  the  old  house  and  numerous  relics 
were  found  by  a  Norwegian  captain,  among  them  the  clock 
and  some  books.  The  interior  of  the  house  was  exadlly  in 
the  condition  described  by  Barents  nearly  three  centuries 
before. 

Seventy-six  years  after  Sebastian  Cabot's  attempt  to  effedl 
a  north-west  passage.  Sir  Martin  Frobisher  persuaded  some 
London  merchants  to  once  more  embark  in  the  enterprise, 
and  three  small  vessels  were  fitted  up  for  the  purpose  and 
vidtualled  for  twelve  months.  They  started  on  the  17th  of 
June,  1576,  and  passed  by  Greenwich,  **  where  we  shotte  off 
our  ordinance  and  made  the  best  shov/  we  could  ;  Her  Majes- 
tic (Queen  Elizabeth)  beholding  the  same,  commended  it,  and 
bade  vs  farewell  with  shaking  her  hand  at  vs  out  of  the 
window.  Afterward  she  sent  a  gentleman  aboord  of  vs,  who 
declared  that  Her  Majestic  had  good  liking  of  our  doings, 
and  thanked  vs  for  it,  and  also  willed  our  captaine  to  come 
the  next  day  to  the  Court  to  take  his  leave  of  her."  Fro- 
bisher speedily  doubled  Cape  Farewell  and  bore  on  to  the 
West  until  he  came  to  land,  which  Queen  Elizabeth  named 
.Meta  Incognita ;  a  little  to  the  north  of  this  a  large  bay  was 
found  which  was  named  "  Frobisher's  Bay.**  When  Fro- 
bisher returned  to  England  he  brought  with  him  not  only  the 
hopes  of  a  north-west  passage  but  a  piece  of  black  stone, 
which  being  examined  by  Baptiste  Agnello,  a  quack,  was 
found  to  contain  a  minute  quantity  of  gold.  Whereupon 
the  London  merchants  again  fitted  out  ships,  and  Frobisher 
was  ordered  to  load  them  with  the  supposed  gold  ore,  and 
to  defer  discovery  till  some  more  convenient  time.  The 
ships  returned  and  the  ore  was  found  to  be  worthless,  and 
for  nine  years  the  London  merchants  refused  to  send  out  a 
fresh  Ardtic  expedition.  In  1585,  however,  several  vessels 
were  fitted  up  and  put  under  the  command  of  John  Davis 
with  a  view  to  the  discovery  of  the  North-West  Passage. 
He  discovered  the  straits  which  bear  his  name  in  1585,  and 
gave  the  name  of  Cape  Walsingham  to  a  prominent  Cape 
on  the  East  side  of  Cumberland  Island.  This  is  just  below 
the  Ardlic  Circle,  and  Davis  is  the  first  Englishman  who 
reached  so  high  a  latitude  on  the  American  shore.  Cape 
Chudleigh,  the  most  northerly  point  of  Labrador,  was  also 
discovered  by  Davis  and  named  by  him  after  Mr.  John 
Chudleigh.  In  1607  Henry  Hudson  was  entrusted  by  the 
Muscovy  Company  with  a  small  vessel  for  the  discovery 
of  the  North-West  Passage.  There  seems  to  be  but 
little  doubt  that  in  the  course  of  this  voyage  Hudson  dis- 
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covered  Jan  Mayen's  Island,  which  is  generally  (but  on 
weak  grounds)  said  to  have  been  discovered  five  years  later 
by  a  Dutchman  after  whom  it  was  named.  Hudson  also 
penetrated  to  a  latitude  of  80**  23'.  In  a  second  voyage 
Hudson  discovered  the  river  which  bears  his  name.  Hud- 
son's Bay  was  discovered  in  1609.  In  1612  William  Baffin 
and  James  Hall  visited  the  West  Coast  of  Greenland  in  order 
to  search  for  a  gold  mine  which  was  said  to  have  been 
worked  by  the  Danes.  Twenty  four  years  later  the  Danes 
sent  out  two  vessels  to  the  same  spot  with  the  same  objeft, 
but  they  returned  laden  with  iron  pyrites.  Baffin  discovered 
the  Bay  which  bears  his  name  in  1616.  Mr.  Markham 
points  out  the  curious  fadl  that  although  the  Dutch  had  es- 
tablished a  flourishing  whale  fishery  in  Davis's  Strait,  the  pas- 
sage of  the  "Middle  Pack"  (that  is  the  great  mass  of  ice  in 
the  middle  of  Baffin's  Bay)  was  not  even  attempted  between 
1616  and  1817.  Baffin  had  himself  passed  the  Middle  Pack 
and  reached  the  extreme  north  of  the  bay,  but  no  one  had 
followed  in  his  footsteps,  until  in  1817  two  whalers  success- 
fully passed  the  Middle  Pack,  and  found  an  abundance  of 
whales  in  the  "  North  Water."  A  number  of  whalers  now 
pass  the  Middle  Pack  every  year. 

We  have  seen  to  how  great  an  extent  our  knowledge  of 
Ar<5lic  geography  is  due  to  the  Muscovy  Company : 
another  company  had  now  arisen  in  the  very  heart  of  the 
Ardlic  distridl.  A  charter  was  granted  in  1670  to  the  Hud- 
son's Bay  Company,  giving  them  right  to  all  the  territories 
drained  by  rivers  falling  into  Hudson's  Bay,  on  certain 
specified  conditions,  one  of  which  was  the  prosecution  of 
geographical  research.  Expeditions  were  frequently  sent 
out  by  the  Company  both  for  surveying  the  coast  line  and 
for  the  exploration  of  the  interior.  In  1741,  Captain  Mid- 
dleton,  who  was  a  sound  scientific  man,  well  versed  in  nau- 
tical astronomy,  was  appointed  by  the  Admiralty  to  explore 
Hudson's  Bay.  He  penetrated  to  the  extreme  north,  and 
there  found  a  frozen  strait,  which  seemed  to  cut  off  all 
communication  with  more  northern  seas.  A  few  years 
later  the  Admiralty  offered  a  reward  of  £20,000  for  the  dis- 
covery of  a  north-west  passage,  but  the  attempt,  although 
often  made,  was  fruitless. 

In  the  other  dire<5lion  the  Russians  had  often  attempted 
a  survey  of  the  Siberian  coast,  but  no  European  ship  has 
ever  been  forced  beyond  the  Sea  of  Kara.  Our  knowledge 
of  the  Polar  Asiatic  shore  from  Behring's  Straits  to  Novaya 
Zemlya,  is  due  to  the  Russians.  The  region  is  barren  and 
desolate  beyond  description,  and  the  ground  is  frozen  for 


i875«]  ^A^  Arctic  Expedition.  513 

many  feet  below  the  surface.  The  most  northern  points  of 
Asia  have  never  been  doubled,  although  Peter  the  Great  had 
.himself  given  directions  in  1725  that  the  whole  coast  of 
Siberia  should  be  explored.  The  most  important  discoveries 
due  to  the  Russians  are  Behring's  Straits  and  the  Islands 
of  New  Siberia  off  the  mouths  of  the  Lena.  Baron  Wran- 
gell,  in  1820-3,  explored  a  good  deal  of  the  North  Siberian 
coast  by  means  of  sledges,  with  which,  drawn  by  teams  of 
dogs,  he  once  travelled  no  less  than  1330  miles  in  eleven 
weeks.  Mr.  Markham  considers  that  Russia  is  entitled  to 
rank  next  to  England  in  the  matter  of  Arctic  exploration ; 
since  to  it  is  due  the  survey  of  more  than  one-third  of  the 
threshold  of  the  unknown  Polar  Region. 

Having  thus  briefly  reviewed  some  of  the  more  important 
Polar  explorations  prior  to  the  nineteenth  century,  let  us 
turn  our  attention  to  the  work  of  the  present  century, 
which  has  far  exceeded,  at  least  in  the  number  and  magni- 
tude of  the  expeditions,  any  previous  period.  For  about  40 
years  after  Cook's  voyage,  no  attempt  was  made  to  discover 
a  north-west  passage,  until  early  in  this  century  Captain 
Scoresby  and  Sir  John  Barrow  drew  the  attention  of  the 
Government  to  the  subjedt,  and  four  vessels  were  fitted  up 
for  Polar  research.  Two  of  these — the  Isabella  and  the 
Alexander — under  the  command  respedlively  of  John  Ross 
and  Edward  Parry,  were  to  attempt  the  passage  by  way  of 
Davis's  Straits ;  the  other  two — the  Dorothea  and  the  Trent 
— under  the  command  of  David  Buchan  and  John  Franklin, 
were  to  attempt  to  cross  the  Polar  Sea  between  Spitzbergen 
and  Greenland.  Both  expeditions  started  in  18 18.  Ross 
sailed  up  the  east  coast  of  Greenland,  examined  Jones's 
Sound,  and  turning  south  arrived  in  Lancaster  Sound, 
returning  home  by  way  of  Cape  Farewell.  The  most 
important  results  of  the  voyage  were  some  magnetic  obser- 
vations made  by  Captain  Sabine.  Although  the  other  expe- 
dition under  the  command  of  Captain  Buchan  had  as  its 
primary  objedt  the  discovery  of  a  passage  through  the  Polar 
Sea  to  Behring's  Straits,  it  was  also  enjoined  to  make  various 
ele<5lrical  and  magne^tic  observations,  to  take  temperatures, 
observe  the  refraction  of  the  atmosphere,  the  velocity  of 
ocean  currents,  and  the  height  of  the  tides.  An  astronomer 
accompanied  the  Dorothea.  The  ships  skirted  the  west  side 
of  Spitzbergen,  and  anchored  in  Magdalena  Bay  early  in 
June.  After  encountering  very  severe  weather,  the  ships, 
which  were  much  injured,  and  unfit  to  attempt  further  ex- 
posure in  Polar  seas,  returned  to  England.  During  the 
succeeding  year  (1819),  Franklin  was  sent  out  in  command 
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of  an  overland  expedition  destined  to  explore  the  North 
American  Coast  to  the  east  of  the  Coppermine  River.  Dr. 
John  Richardson  and  Mr.  George  Back  (then  a  midshipman) 
served  under  Franklin.  The  intolerable  hardships  and  pri- 
vations which  they  endured  during  their  journey  of  5550 
miles,  would  have  deterred  any  hearts  less  stout  than  theirs 
from  ever  again  engaging  in  Ardtic  exploration.  However, 
Franklin  again  started  in  1825  for  the  Hudson's  Bay  terri- 
tory— wintered  on  the  Great  Bear  Lake,  and  in  the  following 
summer  surveyed  the  coast  line  to  the  west  of  the  mouth  of 
the  Mackenzie  River.  Between  1819  and  1827,  Sir  Edward 
Parry  undertook  four  Polar  voyages.  During  one  of  these  by 
the  use  of  sledges  he  reached  the  highest  known  land,  N.  lat. 
82°  45' (July  23rd,  1827).  The  north  magnetic  pole  of  the 
earth  was  discovered  by  Sir  James  Ross  duripg  his  second 
voyage  (1829-33) ;  it  was  found  in  lat.  70°  5'  if  N.,  and 
long.  96°  46'  45 "  W.,  on  the  west  shore  of  Boothia.  The 
amount  of  dip  was  within  one  minute  of  arc  of  the  vertical. 
A  cairn  was  erected,  and  the  British  flag  placed  upon  it. 
Large  extents  of  the  Hudson's  Bay  Territory  and  the  adja- 
cent lands  were  surveyed  by  Dease,  Simpson,  Rae,  Back, 
and  others.  Sir  John  Franklin's  last  voyage  was  made  in 
1845.  Its  objedt  was  to  make  a  new  attempt  to  discover  a 
north-west  passage.  The  expedition  consisted  of  two  ships, 
the  Erebus  and  the  Terror,  specially  strengthened  for  Ardtic 
service,  and  provided  with  every  appliance  which  could 
lessen  the  danger  and  discomfort  of  the  undertaking.  The 
expedition  sailed  on  the  19th  of  May,  and  reached  Disco 
early  in  July. 

The  ships  were  last  seen  on  the  26th  of  July  on  their 
way  to  Lancaster  Sound.  When  no  tidings  of  the  expe- 
dition came  to  be  received,  the  Admiralty  lost  no  time  in 
sending  out  searching  expeditions.  The  private  and  public 
search  expeditions  sent  out  by  this  country  and  by  America 
between  1847  and  1859  number  no  less  than  40.  The  ships 
were  ultimately  found  to  have  been  abandoned  near  the 
entrance  of  the  Great  Fish  River.  If  proper  dep6ts  of  pro- 
visions had  existed,  there  can  be  no  doubt  that  the  crew 
might  have  escaped  to  habitable  regions.  Traces  of  their 
winter  residence  were  found  on  Beechy  Island,  and  a  cairn 
was  discovered  on  the  south-west  cape  of  the  island.  Sir 
John  Franklin  died  in  1847.  Sir  Leopold  McClintock  traced 
the  route  of  the  men  after  the  abandonment  of  their 
ships  from  the  estuaiy  of  the  Great  Fish  River.  Here  he 
found  three  skeletons  of  men  who  had  perished  by  the  way. 
According  to  the  Esquimaux,  40  men  (out  of  the  134  who 


j875-J  The  Arctic  Expedition.  515 

had  left  England  in  1847)  reached  the  Great  Fish  River, 
where  they  all  died.  It  was  in  the  condudl  of  one  of  the 
searching  expeditions  for  the  missing  crews  that  Captain 
McClure,  in  1851,  proved  the  possibility  of  the  North-West 
Passage  by  discovering  the  strait  which  bears  his  name, 
and  which,  dividing  Melville  Island  from  Bank's  Island, 
connedls  Beaufort  Sea  with  Melville  Sound.  The  passage 
is  not,  however,  practicable  for  ships,  owing  to  the  constant 
accumulation  of  ice,  and  the  quantity  of  fast  ice  which 
exists  even  in  the  height  of  summer.  Dr.  John  Rae,  who 
was  sent  out  by  the  Hudson's  Bay  Company,  was  the  first 
to  bring  home  (in  1854)  the  intelligence  of  the  fate  of  the 
Erebus  and  Terror.  He  obtained  evidence  from  the  Esqui- 
maux that  the  white  men  had  died  from  hunger,  and  he  dis- 
covered many  graves  and  skeletons,  together  with  numerous 
relics.  The  Admiralty  now  concluded  that  the  evidence  of 
the  fate  of  the  two  vessels  was  complete,  and  the  promised 
sum  of  £*io,ooo  was  paid  to  Dr.  Rae.  Still  Lady  Franklin 
determined  that  if  possible  more  precise  information  should 
be  procured,  and  in  1857  she  sent  out  the  yacht  Fox^  under 
the  command  of  Captain  McClintock.  During  the  first 
summer  he  made  for  Baffin's  Bay,  and  was  there  beset  with 
ice  and  enclosed.  During  the  winter  the  ice  drifted  south- 
wards, at  the  rate  of  more  than  five  miles  a  day,  for  no  less 
than  1385  miles,  but  in  the  following  April  (1858)  the  pack 
was  broken  up  by  a  heavy  gale,  and  the  Fox  escaped,  and 
again  made  for  the  north.  In  August  North  Somerset  was 
rounded,  and  the  vessel  entered  Bellot's  Straits,  passing 
thence  into  Franklin  Channel.  The  Fox  wintered  in  Port 
Kennedy,  and  long  sledge  journies  were  made  to  the  Mag- 
netic Pole  and  elsewhere.  Details  of  the  ultimate  fate  of 
the  Erebtis  and  Terror  were  now  learnt.  One  of  the  ships 
had  been  seen  to  sink,  and  the  other  was  forced  on  shore  by 
the  ice.  A  number  of  relics  were  obtained  from  the  Esqui- 
maux on  the  west  coast  of  Boothia. 

Since  the  return  of  McClintock's  expedition,  various  foreign 
nations  have  prosecuted  Arftic  research,  while  the  English 
for  the  last  15  years  have  rested  on  their  oars.  The  Ameri- 
cans seeking  to  approach  the  North  Pole  by  way  of  Smith's 
Sound  have  reached  a  latitude  of  82°  16'.  This  was  effec- 
ted in  1871  by  Captain  Hall  in  the  Polaris.  An  expanse  of  open 
sea  was  seen  to  the  far  north,  and  was  named  Lincoln's  Sea, 
while  on  the  extreme  west  a  coast  line  was  discovered  which 
was  named  President's  Land.  The  Germans  in  1868  sent 
out  a  privately-equipped  vessel  for  the  purpose  of  exploring 
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the  east  coast  of  Greenland ;  but  no  results  of  importance 
were  obtained.  In  1869,  a  second  expedition,  consisting  of 
two  ships,  commanded  by  Captain  Koldewey,  was  again  sent 
out  to  the  east  coast  of  Greenland,  A  certain  amount  of 
coast  line  below  Cape  Bismarck  was  surveyed,  and  the 
highest  point  reached  was  just  above  the  77°  lat.  The  coast 
was  carefully  surveyed  between  the  73°  and  77°  N,  lat. 

The  Swedes  in  1870  explored  the  northern  coasts  of 
Novaya  Zemlya,  and  in  1872  and  1873  they  sent  out  an  ex- 
pedition to  winter  in  Spitzbergen.  No  important  results 
were  obtained,  but  it  is  said  that  a  new  expedition  will 
shortly  be  organised.  A  very  important  expedition,  was 
organised  by  the  Austrians  in  1872  under  the  command  of 
Payer  and  Weyprecht.  The  objecft  was  to  sail  to  the  east 
of  Spitzbergen,  and  if  possible  to  follow  the  Gulf  Stream 
into  the  sea  which  some  suppose  surrounds  the  Pole. 
Starting  from  Tromso  on  July  14,  the  first  ice  was  seen  on 
the  25th,  and  on  the  29th  Novaya  Zemlya  came  in  sight. 
By  the  middle  of  August  the  vessel  was  near  the  north  coast 
of  Novaya  Zemlya  and  was  soon  afterwards  enclosed  in  the 
ice.  Preparations  for  passing  the  winter  had  now  to  be 
made  and  the  deck  was  converted  into  a  house.  The  sea- 
son had  become  excessively  gloomy  and  the  Ardtic  winter 
was  about  to  commence.  The  sun  disappeared  for  109  days 
on  Odlober  28th,  and  for  five  months  it  was  necessary  to 
burn  lamps.  The  sun  appeared  again  on  February  the  i6th 
and  the  severe  pressure  of  the  ice  ceased.  The  mean  tem- 
perature of  the  air  was  —31"  F.,  and  towards  the  close  of  the 
month  it  reached  —51°  F. ;  the  maximum  summer  tempera- 
ture was— 45*5''  F.,  and  the  mean  temperature  of  the  whole 
year  275°  F.  Towards  the  end  of  Odtober,  still  drifting 
with  the  floe,  they  came  in  sight  of  land  within  3  miles  in 
lat.  79°  54'  N.,  and  to  this  was  given  the  name  of  Wilczek 
Island.  The  sun  again  deserted  them  on  0(5lober  22nd  and 
they  passed  a  second  polar  night  of  125  days.  During  the 
winter  they  built  a  house  upon  the  floe.  The  cold  was  very 
severe  :  mercury  remained  frozen  for  more  than  a  week,  and 
even  brandy  was  changed  into  a  solid  mass.  When  spring 
returned  they  found  that  their  ship  was  still  firmly  fixed  in 
the  ice,  and  as  there  appeared  no  prospeft  of  its  being  liber- 
ated even  in  the  height  of  summer,  they  determined  to 
abandon  it  (May  20th,  1874),  and  to  make  their  way  to 
Europe  by  means  of  boats  and  sledges.  In  the  preceding 
March  a  sledge  expedition  had  started  for  purposes  of  ex- 
ploration ;  the  result  was  the  discovery  of  a  country  as  large 
as  Spitzbergen,  consisting  of  large  masses  of  land,  inter- 
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sefted  by  fiords  and  skirted  by  islands.  The  large  sound  was 
named  **  Austria  Sound/*  and  the  land  on  each  side  of  it 
Vichy  Land  and  Wilczek  Land,  and  more  to  the  north 
Petermann  Land  and  King  Oscar  Land.  The  latter  is  above 
82°  N.  lat.  On  the  20th  of  May,  having  nailed  the  flags 
to  the  masts  of  their  abandoned  ships,  they  returned  to 
Europe. 

Since  the  return  of  McClintock's  expedition  in  1859,  ^^id 
the  conclusive  knowledge  obtained  by  it  of  the  fate  of  the 
crews  of  the  Erebus  and  Terror,  England  has  taken  no  part 
in  Ardlic  research  until  the  great  expedition  which  started 
last  May.  Interest  was  revived  in  the  subjedt  in  1865  when 
Captain  Sherard  Osborn  read  his  first  paper  before  the  Geo- 
graphical Society  on  the  further  prosecution  of  Polar  explor- 
ation. In  this  he  pointed  out  the  various  advantages  to 
science  to  be  derived  from  such  researches,  and  the  value  of 
the  training  to  naval  officers,  and  he  strongly  advocated  the 
route  by  Smith's  Sound.  A  second  paper  was  read  on  the 
same  subjedl  in  1872.  In  the  same  year  a  deputation  was 
received  by  Mr.  Gladstone's  Government  which  urged  the 
sending  out  of  an  expedition  in  1874.  ^.n  unsatisfactory 
reply  was  received  from  the  Chancellor  of  the  Exchequer, 
and  the  matter  remained  at  rest  until,  after  further  solicita- 
tion, the  application  was  again  refused  by  Mr.  Gladstone,  and 
soon  after  the  Ministry  resigned,  and  Mr.  Disraeli  came  into 
oflBce.  In  August,  1874,  an  influential  deputation  waited 
upon  Mr.  Disraeli,  and  in  the  following  November  a  letter 
was  forwarded  to  Sir  Henry  Rawlinson  which  stated  that 
"  having  carefully  weighed  the  reasons  set  forth  in  support 
of  such  an  expedition,  the  scientific  advantages  to  be  derived 
from  it,  its  chances  of  success,  as  well  as  the  importance  of 
encouraging  that  spirit  of  maritime  enterprise  which  has 
ever  distinguished  the  English  people.  Her  Majesty's 
Government  have  determined  to  lose  no  time  in  organising 
a  suitable  expedition  for  the  purposes  in  view."  Whereupon 
an  Ardlic  Committee  of  old  and  experienced  Ardlic  explorers 
was  appointed.  Captain  George  S.  Nares  (then  in  command 
of  the  Challenger,  and  formerly  mate  of  the  Resolute  in  the 
Arctic  expedition  of  1872)  was  chosen  to  command  the  ex- 
pedition, and  two  ships  were  fitted  up  with  every  modern 
appliance.  For  various  reasons  the  route  by  Smith's  Sound 
was  seledted.  The  general  instrudlions  given  to  the  expedi- 
tion were  that  the  ships  should  proceed  to  Disco,  an  island 
on  the  west  coast  of  Greenland,  lat.  70°  N.,  where  they 
would  touch,  and  afterwards  continue  their  course  further 
north  to  Upernavik,  where  dogs  and  Esquimaux  drivers 
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would  be  taken  on  board.  Then,  if  the  season  were  favour- 
able, the  ships  should  enter  up  Smith's  Sound,  and  should 
winter  if  prafticable  in  Lady  Franklin  Strait.  The  Dis- 
covery is  not  to  go  higher  than  the  82  parallel,  and  is  to  adl 
as  a  relief  ship  to  secure  retreat  in  case  of  need ;  when  the 
Alert  has  gone  as  far  North  as  possible  the  journey  to  the 
pole  is  to  be  attempted  by  means  of  boats  and  sledges.  It 
is  probable  that  the  two  ships  will  not  winter  at  a  distance 
of  more  than  200  miles  apart.  The  sledge  operations — a 
main  feature  of  the  expedition — will  commence  in  the  spring 
of  1876,  and  if  necessary  a  relief  ship  will  be  despatched  in 
the  summer  of  1877  ^^  ^^e  entrance  of  Smith's  Sound. 
When  in  82**  N.  lat.  the  ship  will  be  within  500  miles  of  the 
Pole ;  then,  if  the  ice  is  good,  sledging  will  be  comparatively 
easy.  A  portion  of  the  ship's  company  will  be  broken  up  into 
parties  of  eight  or  ten  men  with  an  officer,  and  they  will 
start  in  sledges  provisioned  for  six  weeks,  and  will  probably 
make  about  twelve  miles  a  day. 

The  Alert  is  a  vessel  of  1045  tons  and  381  H.P.,  and 
the  Discovery  of  856  tons.  The  crew  of  each  ship  consists 
of  about  60  officers  and  men,  and  they  are  provisioned  for 
three  years.  The  ^fer^  carries  5  tonsof  spirits  of  wine,  10  tons 
of  bread,  85  tons  of  beef,  pork,  bacon,  coffee,  sugar,  flour, 
and  preserved  meats ;  while  the  Discovery  carries  4^^  tons  of 
spirits  of  wine,  9  tons  of  bread,  78  tons  of  beef,  bacon,  and 
preserved  Hieats.  The  greatest  draught  of  either  vessel  will 
not  exceed  seventeen  feet.  The  principal  article  of  food  is 
pemmican,  which  is  more  useful  in  the  Ardlic  regions  than 
the  strongest  spirits.  It  is  prepared  by  drying  lean  beef, 
and  then  pounding  it  to  powder,  to  which  salt  and  sugar  are 
added,  and  finally  it  is  mixed  with  its  own  weight  of  melted 
suet  and  allowed  to  solidify  in  tins,  each  of  which  contains 
56  lbs.  Seventy  pounds  of  this  food  will  support  a  boat's  or 
sledge's  crew  of  eight  men  for  a  week.  A  quantity  of  unusu- 
ally strong  rum  forms  part  of  the  stores.  There  is  an  im- 
proved cooking  apparatus,  and  a  large  quantity  of  fuel  in  the 
form  of  coal,  stearine,  and  spirits  of  wine  has  been  provided. 
Every  possible  precaution  has  been  taken  to  strengthen  the 
vessels  against  the  severe  nips  which  they  are  likely  to  re- 
ceive from  icebergs  ;  the  screws  can  be  raised  before  collision 
with  the  ice,  and  anchors  of  great  power  are  provided.  A 
number  of  ice  saws  are  shipped  on  board  (the  largest  nearly 
15  feet  long),  and  an  experienced  ice-master  will  superintend 
their  use.  There  are  no  less  than  eighteen  boats,  some  of 
which  are  25  feet  long ;  they  are  constru(5led  of  mahogany 
covered   with   marine  glue   and   canvas,   with   an   outside 
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planking  of  elm  and  pine  and  a  belt  of  cork.  The  sledge 
arrangements  are  particularly  complete ;  all  previous  experi- 
ence has  been  taken  into  account.^  The  sledges  hold  eight 
men  each ;  they  are  made  of  elm,  and  the  runners  are  shod 
with  steel.  They  are  furnished  with  light  masts,  which  also 
serve  as  tent  poles.  The  drag  ropes  are  of  whale  line,  26 
feet  long,  and  the  drag  belts  are  3  inches  broad,  and  pass 
over  the  men's  shoulders.  For  a  journey  of  seven  weeks  the 
weight  of  a  loaded  sledge  will  be  1646  lbs.,  or  about  235  lbs. 
for  each  of  seven  men  to  drag.  The  weekly  allowance  of 
food  to  each  man  exceeds  19  lbs.,  and  consists  of  daily 
rations  of  16  ozs.  pemmican,  4  ozs.  boiled  pork,  14  ozs.  bis- 
cuit, 2  ozs.  preserved  potatoes,  i^^  ozs.  chocolate,  J  oz.  tea 
and  sugar,  i  oz.  strong  rum,  and  a  weekly  allowance  of  i| 
ozs.  salt,  I  oz.  curry  or  onion  powder,  J  oz.  pepper,  and  3  ozs. 
of  tobacco.  Each  individual  uses  about  i^^  lbs.  of  fuel  (methy- 
lated spirits  of  wine  or  crude  cocoa-nut  oil)  weekly.  By  a 
system  of  auxiliary  sledges  one  sledge  can  advance  several 
weeks'  journey  from  the  ship.  Suppose  six  sledges  start  in 
company,  at  the  end  of  the  first  week  No.  6  sledge  will  dis- 
tribute its  provisions  so  as  to  make  up  the  full  complement 
of  the  remaining  five,  and  will  then  return  to  the  ship ;  at 
the  end  of  the  second  week  No.  5  sledge  will  make  up  the 
full  complement  of  provisions  of  the  remaining  four,  and 
will  then  return  to  the  ship,  and  so  on  for  Nos.  4,  3,  and  2, 
leaving  No.  i  to  reach  the  extreme  distance.  Meanwhile 
the  sledges  which  have  returned  will  re-provision,  and  meet 
the  returning  sledge  at  various  points  of  its  journey.  Great 
distances  have  been  traversed  by  means  of  sledges  ;  a  sledge 
party  led  by  McClintock  walked  1210  miles  in  105  days, 
while  the  distance  from  Cape  Parry  to  the  North  Pole  is  only 
484  miles. 

The  Admiralty  shortly  before  the  expedition  started  issued 
a  very  valuable  Manual  for  the  use  of  the  officers  accom- 
panying the  expedition.  It  is  entitled  "  A  Manual  of  the 
Natural  History,  Geology,  and  Physics  of  Greenland  and 
the  Neighbouring  Regions  ;  together  with  instructions  sug- 
gested by  the  Ardtic  Committee  of  the  Royal  Society  for  the 
use  of  the  Expedition."  The  instructions  are  discussed 
under  two  headings: — Physical  Observations  and  Biology. 
The  former  relate  to  astronomy,  terrestrial  magnetism^ 
meteorology,  atmospheric  eledtricity,  optics,  and  miscella- 
neous observations  ;  the  latter  to  zoology,  botany,  geology, 
and  mineralogy.  The  important  suggestions  on  the  deter- 
mination of  the  magnetic  elements,  by  Prof.  J.  C.  Adams 
and  Captain  Evans,  are  accompanied  by  three  capital  maps 
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showing  the  lines  of  equal  declination,  inclination,  and  hori- 
zontal force  in  the  Polar  Regions.  Sir  William  Thomson 
contributes  instrudtions  for  the  observation  of  atmospheric 
electricity,  while  Prof.  (T.  G.  Stokes  gives  some  useful  hints 
in  regard  to  spedlroscopic  observations.  The  instructions 
extend  over  86  pages,  while  the  manual  embraces  750  pages, 
and  consists  of  reprints  or  abstracts  of  papers  relating  to 
the  natural  history  and  physics  of  the  Polar  Regions.  The 
natural  history  is  compiled  by  Prof.  T.  Rupert  Jones,  and 
the  physics  by  Prof.  W.  G.  Adams.  The  physics  is  divided 
into  (i)  meteorology ;  (2)  temperature  of  the  sea ;  (3)  physical 
properties  of  ice ;  (4)  tides  and  currents ;  (5)  measuring 
the  motion  of  glaciers ;  (6)  observations  on  refradtion  and 
on  air,  and  observations  on  sound ;  (7)  terrestrial  magnetism  ; 
(8)  aurora  borealis.  The  scientific  members  of  the  expedi- 
tion will  have  enough  to  do  if,  in  addition  to  various  other 
observations,  they  attempt  to  follow  in  the  footsteps  of  the 
Swedish  expedition  to  Spitzbergen  under  Prof.  Nordenskiold, 
As  part  of  the  general  observational  work  of  this  expedition 
we  find  the  following : — 

"  I.  Hourly  meteorological  observations. 

"  2.  Astronomical  positions  of  stations. 

"  3.  Pendulum  and  refraction  observations  in  great  cold- 

"4.  Hourly  magnetic  observations,  besides  observations 
every  five  minutes  on  two  term  days  a  month,  in  connection 
with  observations  at  Upsala. 

•'  5.  Tides  and  currents." 

We  come  now  to  the  results  which  we  expeCl  to  ob- 
tain from  the  ArCtic  Expedition  of  1875.  Before  we 
enumerate  the  more  special  objeCts  to  be  attained  let  us  call 
to  mind  the  faCt  that  all  maritime  enterprise  is,  and  ever  has 
been,  popular  among  the  sea-loving  inhabitants  of  these 
islands.  And  when  that  enterprise  involves  unparalleled 
hardships,  privations,  and  dangers,  when  it  may  result  in 
the  discovery  of  new  lands  and  seas,  the  probable  accom- 
plishment of  that  which  the  world  has  for  centuries  at- 
tempted in  vain,  the  old  Vikingr  blood  is  raised  to  fever  heat 
in  our  veins,  and  the  adventure  becomes  as  exciting  as  the 
bombardment  of  a  great  sea  fortress,  or  the  investment  of  a 
walled  and  fortified  city.  We  may  not  forget  that  Nelson 
began  his  career  in  an  ArCtic  exploring  vessel,  and  that  the 
undaunted  heroism  of  Franklin  and  a  host  of  ArCtic  explorers 
is  almost  alone  in  these  modern  days  worthy  to  be  placed  on 
a  level  with  that  of  Leonidas.  Once  more,  we  who  have 
ever  been  foremost  in  ArCtic  research  must  not  allow  other 
nations  to  step  in  and  attain  the  final  consummation.     And 
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if  there  is  any  more  to  be  said  as  to  the  objedls  of  the  ex- 
pedition, we  say  that  the  discovery  of  new  truths,  the  en- 
largement of  the  sum  of  human  knowledge,  is  objedl  enough 
in  itself  for  the  expedition.     In  this  land  we  should  have  no 
difficulty  in  manning  a  dozen  Ardtic  expeditions  having  that 
objedl  alone  in  view.     The  man  who  enquires  the  imme- 
diate practical  use  of  the  expedition  is  not  of  one  blood  with 
these  men.     What,  pray,  was  the  use  of  Galvani's  experi- 
ments with  frogs'  legs  or  Benjamin  Franklin's  kite  experi- 
ment ?     The   practical   man   may  answer  if    he   pleases. 
However,  there  is  something  to  be  said  as  to  the  pradlical 
results  to  be  expedted  from  the  members  of  the  expedition. 
They  will  probably  not  discover  new  whaling  grounds,  or 
stores  of  fossil  ivory,  or  gold  mines,  or  easy  routes  to  the 
Indies ;  possibly  not  even  seams  of  coal  and  new  veins  of 
cryolite.     But  they  will  penetrate  within  an  area  which  con- 
tains 2^  millions  of  square  miles  of  unexplored  country, 
they  will  observe  physical  phenomena  under  extreme  and 
unusual  conditions,  and  they  will  survey  many  hundreds  of 
miles  of  sea  and  land.     An  old  Ardtic  explorer  (Sir  Edward 
Sabine)  asserts  that  the  completion  of  the  circuit  of  Green- 
land and  the  survey  of  its  northern  and  western  coasts  is 
"the   greatest  geographical    achievement    which    can    be 
attempted."     Oceanic  currents,  tides,  and  deep-sea  tempera- 
tures will  be  investigated ;  pendulum  observations  will  allow 
us  to  determine  the  intensity  of  gravity  at  or  near  the  pole, 
and  will  conduce  to  our  knowledge  of  the  figure  of  the  earth. 
In  meteorology  we  shall  have  determinations  of  the  tem- 
perature and  pressure  of  the  air  and  the  nature  of  prevailing 
winds.  The  magnetic  and  eledtrical  results  will  be  of  peculiar 
interest ;  the  spedlroscope  will  be  applied  to  the  study  of  the 
Aurora ;  the  nature  of  the  eledlricity  existing  at  any  particu- 
lar time  in  the  air  will  be  determined.     In  geology  and  mine- 
ralogy the  field  is  likely  to  be  as  fruitful — a  number  of  rare 
minerals  have  already  been  found  in  high  latitudes;  the 
existence  of  a  palaeozoic    coal  formation  has  been  proved, 
and  knowledge  of  its  position  and  extent  is  much  desired. 
Already  the  fossil  flora  of  the  east  coast  of  Greenland  has 
been  proved  to  contain  no  less  than  200  species  of  highly 
organised  forms  such  as  are  not  now  found  in  the  Polar 
Regions.     As  regards  the  existing  flora  of  Greenland,  300 
kinds  of  flowering  plants  are  already  known.     In  Zoology 
we  have  many  fadts  to  learn  in  regard  to  the  migrations  of 
birds  to  northern  latitudes,  and  although  the  land  fauna 
may  not  be  extensive,  the  sea  is  full  of  creatures  many  of 
which  have  been  but  partially  examined,  and  many  of  which 
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are  undoubtedly  unknown.  Finally,  as  to  the  ethnological 
results,  it  is  probable  that  the  most  sterile  wastes  hitherto 
discovered  in  the  Polar  Regions  were  formerly  inhabited. 
Remains  have  been  discovered  of  races  long  since  passed 
away.  Many  considerations  point  to  the  belief  that,  in  the 
unexplored  regions  in  the  north  of  Greenland,  inhabitants 
will  be  found  ;  if  so  the  study  of  these  isolated  peoples  will  be 
of  the  greatest  interest ;  the  form  and  measurement  of  their 
skulls,  their  stature,  their  moral  intellectual  condition,  their 
whence  and  whither.  "  Snow  huts  will  point  to  some  devious 
wanderings  from  Boothian  or  American  shores  ;  while  stone 
yourts  would  indicate  a  march  from  the  coast  of  Siberia 
across  a  wholly  unknown  region."  The  above  are  some  of  the 
results  to  be  expefted  from  the  Arftic  Expedition  of  1875. 

On  Sunday,  August  29th,  the  Valorem,  which  bad  accom- 
panied the  Alert  and  Discovery  as  far  as  Disco,  returned  to 
England,  bringing  dispatches  from  Captain  Nares.  The 
expedition  left  Portsmouth  on  May  2gth,  arriving  in  Bantry 
Bay  on  July  2nd.  Thence  they  made  for  Greenland.  On 
the  4th  of  June,  a  heavy  wind  began  to  blow  from  the  west, 
and  by  the  nth  it  had  increased  to  a  gale.  The  first  ice  was 
sighted  on  June  27th,  and  on  the  following  day  they  were  off 
Cape  Desolation.  On  the  13th  of  June  the  ships  parted 
company  in  the  gale,  and  they  did  not  join  company  again 
till  June  30th  in  Davis's  Straits.  On  the  6th  of  July  they 
both  anchored  in  the  harbour  of  Godhavn,  at  the  south-west 
corner  of  Disco,  69®  N.  lat.  From  the  6th  to  the  13th 
of  July,  the  ships  remained  at  Godhavn,  taking  in  coals  and 
other  supplies  from  the  Valorous.  Captain  Nares  reports  : — 
"  We  are  now  complete  in  all  respedls  for  three  years  from 
July  ist,  1875."  Thiey  also  took  on  board  44  good  Greenland 
dogs,  and  two  whaling-boats,  which  had  been  lost  during  the 
gale,  were  supplied  by  the  Valorous.  On  Thursday,  July 
J5th,  the  ^/^ri  and  the  Discovery  left  Godhavn,  and  on  the 
17th  they  were  last  seen  by  the  Valorous  steaming  down  the 
Waigat  Sound,  and  ultimately  disappearing  behind  gigantic 
icebergs.  Soon  after  a  deep  fog  settled  over  the  waters.  The 
Danish  officials  at  Godhavn  reported  that  the  last  winter 
was  much  colder  in  South  Greenland  than  in  the  north,  and 
a  great  deal  of  ice  had  drifted  south.  At  Godhavn  the  mean 
temperature  of  the  winter  months  was  from  5°  to  13°  higher 
than  the  average,  but  the  spring  was  unusually  severe.  There 
is  every  reason,  according  to  Mr.  C.  R.  Markham,  to  hope 
that  the  ships  will  pass  through  Melville  Bay  during  this 
season,  and  reach  the  north  water  of  Baffin's  Bay.  When 
this  is  accomplished,  a  dep6t  will  be  established  on  the  north- 
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westernmost  of  the  Carey  Islands,  and  the  ships  will  pro- 
ceed to  Smith's  Sound.      The  Discovery  will  winter  in  lat.  82, 
on  the  north  shore  of  Lady   Franklin's  Strait,  if  suitable 
quarters  can  be  found  ;  while  the  Akrt  will,  if  possible,  push 
up  as  far  as  84**  N.  lat.,  and  complete  the  remaining  distance 
to  the  J^ole  by  sledging.  The  sledge  travelling  will  commence 
early  m  April,  1876,  and  it  is  proposed  that  six  sledges  and 
52  men  should  then  start,  leaving  only  10  men  in  the  ship. 
By  means  of  the  system  of  auxiliary  sledges  described  above 
the  foremost  sledge  will  be  enabled  to  be  absent  from  the  ship 
for  four  months,  and  probably  travel  500  miles  from  the  ship. 
Meanwhile  the  Discovery  will  send  out  hunting  and  exploring 
parties.     If  no  news  is  received  of  the  Alert  in  1876,  the 
Discovery  will  attempt  to  communicate  by  means  of  sledges 
drawn  by  dogs ;  and  if  during  the  early  part  of  1877  the 
Discovery  is  still  unable  to  obtain  news  of   the  Alert^  the 
former  will  return  to  England,  and  it  will  be  concluded  that 
the  Alert,  having  passed  to  the  north-east  of  Greenland,  will 
return  down  the  east  side  of  Greenland.     Letters  and  dis- 
patches will  be  left  at  Upernavik,  72**  N.  lat.,  for  the  last 
time  before  the  vessels  penetrate  the  unknown  regions,  and 
these  letters  we  may  expedl  to  receive  in  England  before 
Christmas.     Then  we  shall  probably  hear  no  more  of  the 
expedition  till  the  Autumn  of  1876.   Commander  Markham, 
in  a  letter  to  Sir  Henry  Rawlinson,  brought  home  in  the 
Valorous,  and  read  at  the  recent  meeting  of  the  British 
Association  at  Bristol,  says : — **  I  think  everything  promises 
most  favourably,  and  if  we  have  only  a  reasonable  amount 
of  luck,   I  am  confident  we   shall  achieve   success.     We 
have  a  splendid  lot  of  fellows,  both  officers  and  men  in  both 
ships,  all  eager  for  the  fray  and  anxious  to  be  at  it.     If  we 
succeed  in  getting  our  ships  to  83°  or  84^  we  shall  be  at 
the  Pole  in  ten  months'  time." 

No  time  could  be  more  fitting  than  the  present  for  an 
English  Ardlic  expedition.  We  have  enjoyed  a  profound 
peace  for  a  number  of  years ;  the  wealth  of  the  country 
has  prodigiously  increased ;  taxes  are  low ;  the  Exchequer 
is  in  a  satisfadlory  condition  ;  our  most  experienced  seamen 
are  at  liberty  to  take  part  in  the  undertaking;  and  there 
is  a  lull  in  political  affairs.  The  whole  nation  watches 
with  one  heart  the  progress  of  the  work.  In  this  too- 
pradlical  age  it  does  the  world  good  to  see  Governments 
and  men  animated  by  the  one  desire  of  the  discovery  of 
new  truths  at  any  sacrifice.  Whatever  may  be  the  result 
of  the  expedition,  it  must  redound  to  the  honour  of  this 
country  and  of  the  enlightened  Government  under  whose 
auspices  it  was  instituted. 
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The  Sensations  of  Tone,  as  a  Physiological  Basis  for  the  Theory 
of  Music.  By  Hermann  L.  F.  Helmholtz,  M.D.,  for- 
merly Professor  of  Physiology  in  the  University  of  Heidel- 
berg, and  now  Professor  of  Physics  in  the  University  of 
Berlin.  Translated,  with  Additional  Notes,  by  Alexander 
G.  Ellis,    B.A.,    F.R.S.      London :  Longmans  and   Co. 

1875. 

The  long  looked-for  translation  of  the  Tonempfindungen  has  at 
length  appeared,  and  it  will  be  welcomed  by  all  men  of  science. 
Hitherto  ^hose  of  us  who  can  only  read  German  with  difficulty, 
or  not  at  all,  have  made  the  acquaintance  of  certain  portions  of 
this  work  through  TyndalPs  "  Ledlures  on  Sound."  Now  we  have 
before  us  the  entire  work,  translated  by  a  man  most  fitted  for  the 
task,  and  the  well-known  authoi  of  various  papers  printed  by  the 
Royal  Society  on  collateral  subjedls.  The  original  work  ap- 
peared in  Germany  in  1862,  and  it  has  passed  through  three 
editions  in  that  country.  Its  main  objedl  is  to  trace  the  precise 
relationships  which  exist  between  the  Science  of  Sound  and  the 
Art  of  Music.  It  is  the  work  of  a  man  who,  emulating  the 
multifarious  knowledge  of  Leonardo  da  Vinci,  is  at  the  same 
time  an  accomplished  physiologist,  physicist,  mathematician, 
and  musician;  and  it  is  the  result  of  eight  years  of  thought  and 
labour. 

According  to  the  translator,  "  the  great  feature  of  this  work 
is  the  proof  that  all  musical  sounds,  whether  proceeding  from  one 
or  many  sources,  are  heard  by  the  ear  as  if  they  came  from  one 
or  more  distindl  sources  of  a  particular  simple  kind,  combined 
by  a  well-known  and  definite  law,  so  long  as  the  excursions  of 
the  particles  of  air  are  small  in  comparison  with  the  length  of 
the  wave,  and  by  another  and  different  law  when  those  excur- 
sions are  larger.  From  this  flows  the  fadl  that  any  individual 
tone  may  be  considered  as  compounded  of  the  partial  simple 
tones  of  which  it  is  audibly  composed,  and  the  several  com- 
binations of  such  compound  tones  can  be  reduced  to  the  combi- 
nations of  the  simple  tones  of  which  they  are  compounded,  and 
of  the  other  simple  tones  which  result  when  the  excursions  of 
the  particles  of  air  are  larger  than  usual.*'  From  it  also  can  be 
derived  the  nature  of  consonance  and  dissonance  and  the  theory 
of  harmony. 

The  first  chapter  treats  of"  the  sensation  of  sound  in  general," 
and  at  the  outset  a  distincflion  is  drawn  between  the  various 
kinds  of  sound  experienced  by  our  ears,  that  is  to  say  noises  on 
the  one  hand,  and  musical  tones  on  the  other ;  the  former  being 
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defined  as  being  due  to  non-periodic  motions — that  is  to  say 
motions  which  do  not  return  to  the  same  condition  after  equal 
intervals  of  time  ;  while  the  latter  are  due  to  periodic  motions — 
that  is,  motions  which  do  return  to  the  same  condition  at  the 
end  of  equal  intervals  of  time.  The  production  and  propaga- 
tion of  sound  is  discussed,  and  the  distinguishing  features  of 
musical  tones — to  wit,  force  or  loudness,  pitch  or  relative  height, 
and  quality ;  also  the  various  means  of  indicating  and  examin- 
ing these  distinctive  features.  The  musical  tones  which  can  be 
used  with  advantage  are  stated  to  be  between  40  and  4000  vibra- 
tions in  a  second — a  range  of  seven  odtaves  ;  while  the  limits  of 
audibility  ranges  over  1 1  odtaves,  from  20  to  38,000  vibrations  a 
second.  The  range  of  the  eye,  on  the  other  hand,  scarcely  exceeds 
one  odlave.  Many  terms  are  explained  and  definitions  given, 
also  a  minute  account  of  vibrations  and  of  their  graphic  repre- 
sentation. 

In  the  second  chapter  the  composition  of  vibrations  is  dis- 
cussed. As  an  analogy,  the  various  simultaneous  waves  pro- 
duced on  water  are  exemplified,  and  we  are  told  that  we  must 
imagine  the  same  kind  of  adlion  as  taking  place  in  the  air.  In 
a  crowded  ball-room,  for  instance,  we  have  the  various  sounds  of 
the  musical  instruments,  the  rustling  dresses,  the  voices  of  men 
and  women,  and  so  on,  and  here  ^<  we  have  to  imagine  that  from 
the  mouths  of  men  and  from  the  deeper  musical  instruments 
there  proceed  waves  of  from  8  to  12  feet  in  length ;  from  the 
lips  of  the  women,  waves  of  two  to  four  feet  in  length ;  from  the 
rustling  of  the  dresses,  a  fine  small  crumple  of  wave,  and  so  on : 
in  short,  a  tumbled  entanglement  of  the  most  different  kinds  of 
motion,  complicated  beyond  conception."  It  is  then  shown  that 
such  composite  masses  of  tone  may  be  regarded  as,  and  re- 
solved into,  simple  tones.  In  the  next  chapters  we  plunge  at 
once  into  the  more  complex  technicalities  of  the  subjecfl,  and 
the  analysis  of  musical  tones  is  discussed ;  fii:st,  by  sympathe- 
tic resonance ;  secondly,  by  the  ear.  The  whole  structure  of  the 
ear  is  minutely  discussed,  and  the  fundtions  of  its  various  parts 
are  described.  Some  new  woodcuts,  from  Heule's  ''  Manual  of 
Anatomy,"  illustrate  this  part  of  the  subje(5t.  An  elaborate 
treatment  of  the  Cortian  fibres,  and  the  office  of  the  Cochlea, 
conclude  the  first  part  of  the  book. 

The  second  part  is  **0n  the  Interruptions  of  Harmony;"  the 
third  **  On  the  Relationship  of  Musical  Tonea^."  Here  we  have 
an  account  of  the  development  of  musical  style,  and  a  division 
of  all  music  into  three  parts,  viz.,  the  homophonic,  or  unison  music 
of  the  ancients ;  the  polyphonic  music,  with  several  parts,  extend* 
ing  from  the  loth  to  the  17th  century ;  and,  finally,  harmonic  or 
modern  music,  the  special  charadleristic  of  which  is  the  signifi- 
cance attributed  to  the  harmonies. 

The  primitive  form  of  music  with  all  nations  appears  to  be 
simple  melody   sung  by  a  single   voice, .  and  it  still  remains 
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among  the  Chinese,  Arabs,  Turks,  Modern  Greeks,  and  other 
peoples.  Almost  the  only  example  that  we  now  have  of  the 
''  spoken  song,"  or  of  something  approximating  to  it,  is  in  the 
intoning  of  Roman  Catholic  priests.  Here  we  have  differences 
of  pitch,  for  emphasised  words  are  spoken  a  tone  higher  than 
the  rest;  and  modem  recitative  (invented  by  Giacomo  Peri, 
about  1600)  arose  from  the  attempt  to  express  these  alterations 
of  pitch  by  musical  tones.  Polyphonic  music  was  invented  by 
a  Flemish  Monk,  Hucbald,  in  the  beginning  of  the  loth  century. 
It  was  a  part  music  sung  by  two  voices  in  fifths  or  fourths,  witfan 
occasional  doublings  of  the  odlave,  and  the  same  melodic  phrase 
was  repeated  by  the  different  voices.  Modern  harmonic  music 
was  induced  by  various  causes,  among  which  the  Protestant 
ecclesiastical  chorus  is  first  cited.  The  founders  of  the  new 
confession  desired  that  the  congregation  itself  should  undertake 
the  singing ;  hence  harmonised  chorales  in  which  all  the  voices 
progressed  at  the  same  time  had  to  be  invented.  The  Roman 
Church  also  desired  a  reform  in  their  music,  and  by  order  of 
Pope  Pius  IV.,  Palaestrina  (1524-94)  undertook  the  embellish- 
ment of  ecclesiastical  music. 

We  may  give,  in  conclusion,  a  few  important  excerpts  from 
the  author's  summary  of  results : — P.  564.  **  We  are  justified 
in  assuming  that  historically,  all  music  was  developed  from 
song.  Afterwards  the  power  of  producing  similar  melodic 
effedls  was  attained  by  means  of  other  instruments,  which  had 
a  quality  of  tone  compounded  in  a  manner  resembling  that  of 
the  human  voice." 

P.  568.  **  In  the  last  part  of  my  book  I  have  endeavoured  to 
show  that  the  construdlion  of  scales  and  of  harmonic  tissue  is  a 
produdl  of  artistic  invention,  and  by  no  means  furnished  by  the 
natural  formation  or  natural  fundlion  of  our  ear,  as  it  has  been^ 
hitherto  most  generally  asserted.  Of  course,  the  laws  of  the 
natural  funcflion  of  our  ear  play  a  great  and  influential  part  in 

this  result But  just  as  people  with  differently- 

diredled  tastes  can  eredl  extremely  different  kinds  of  buildings 
with  the  same  stones,  so  also  the  history  of  music  shows  us 
that  the  same  properties  of  the  human  ear  could  serve  as  the 

foundation  of  very  different  musical  systems The 

aesthetic  problem  "  (in  regard  to  music)  **  is  thus  referred  to  the 
common  property  of  all  sensual  perceptions,  namely,  the  apprehen- 
sion of  compound  aggregates  of  sensations,  as  sensible  symbols 
of  simple  external  obje<5ls,  without  analysing  them.  In  our 
usual  observations  on  external  nature,  our  attention  is  so  tho- 
roughly engaged  by  external  objedls  that  we  are  entirely  unprac- 
tised in  taking,  as  the  subjecfls  of  conscious  observation,  any 
properties  of  our  sensations  themselves,  which  we  do  not  know 
as  the  sensible  expression  of  some  individual  external  objedl  or 
event."  A  curious  and  most  interesting  comparison  of  the 
resemblances  between  the  relations  of  the  musical  scale  and  of 
space  will  be  found  among  the  concluding  pages  (p.  576). 
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An  appendix  of  more  than  200  pages  will  be  found  at  the  end 
of  the  work.  Much  of  this  has  been  added  by  the  translator. 
Among  other  matters  of  interest  which  it  -contains,  we  may 
notice  an  account  of  an  eledlro-magnetic  driving  machine  for 
the  siren.  This  machine  gives  perfedl  uniformity  of  rotation, 
and  perfedlly  constant  tones  can  be  produced  by  the  means.  Air 
is  driven  through  the  siren  by  means  of  a  small  turbine  of  stiff 
paper.  In  discussing  the  si^e  and  construdtion  of  resonators, 
the  author  mentions  that  he  first  employed  spherical  glass  vessels 
for  the  purpose,  but  now  more  generally  vessels  of  brass.  He 
also  used  tubes  of  tin  and  ]3asteboard.  A  table  shows  the  exacfi 
size  and  capacity  of  resonators,  adapted  to  tones  of  different 
pitch.  A  number  of  mathematical  papers  follow,  and  a  very 
good  index  terminates  the  volume. 

It  is  almost  unnecessary  for  us  to  say  that  this  already  famous 
book  will  be  welcomed  alike  by  the  physicist,  the  acoustician, 
and  the  musician.  It  is  one  of  the  most  original  works  of  the 
second  half  of  this  century,  and  may  be  placed  in  the  same 
category  as  the  **  Natural  Philosophy*'  of  Thomson  and  Tait, 
and  the  "  Elecflricity"  of  Clerk  Maxwell. 


Sound.  Third  Edition.  By  John  Tyndall,  F.R.S.  London: 
Longmans  and  Co.     1875. 

Six  Lectures  on  Light,  Delivered  in  America  in  1872-73.  By 
John  Tyndall,  F.R.S.  Second  Edition.  London  :  Long- 
mans and  Co.     1875. 

We  are  very  glad  to  welcome  new  editions  of  these  standard 
works.  One  of  the  great  merits  of  Dr.  Tyndall  as  an  expounder 
of  scientific  fadls  is  that  hejs  not  alone  content  to  read  the 
memoirs  of  authors  whom  he  is  desirous  of  quoting,  but  that  he 
himself  goes  through  their  experiments,  and  "seldom  gives  an 
account  of  an  experiment  which  he  has  not  himself  tried.  His 
works  thus  become  of  especial  value  to  the  ledlurer  and  science 
teacher.  The  main  feature  in  the  new  edition  of  the  **  Sound  "  is 
the  introdudlion  (in  chapter  7)  of  the  authors  recent  experiments 
on  "  The  Acoustic  Transparency  of  the  Atmosphere  in  relation 
to  the  Question  of  Fog-signalling."  This  subje(ft  has  been  so 
recently  discussed  in  nearly  all  the  scientific  journals,  that  it  will 
be  familiar  to  all  of  us.  The  preface  gives  an  account,  in  some 
detail,  of  the  controversy  between  Dr.  Tyndall  and  the  United 
States  Lighthouse  Board,  as  to  the  priority  of  claims.  A  review 
of  Dr.  Tyndall's  **  Ledlures  on  Light  **  appeared  not  long  ago  in 
this  journal,  and  we  have  but  little  to  add  in  noticing  a  second 
English  edition  ;  the  only  very  noticeable  alteration  in  this  edi- 
tion is  the  omission  of  the  author's  **  Reply  to  the  Edinburgh 
Reviewers,"  concerning  the  claims  of  Dr.  Young,  and  the  inser- 
tion of  a  portrait  of  Dr.  Young  at  the  commencement  of  the 
VOL.  V.  (n.s.)  3  X 
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volume.  In  an  appendix  the  Author  gives  the  addresses  of  Profs. 
Barnard,  Draper,  and  White,  on  the  occasion  of  his  departure 
from  America,  and  the  preface  of  the  French  translator  of  his 
work  (the  Abb6  Moigno). 


Natural  Philosophy  for  General  headers  and  Young  People. 
Translated  and  Edited  from  Ganot's  Cours  Elementaire  de 
Physique.  By  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of 
Experimental  Science  in  the  Staff  College.  Second  Edition. 
London  :  Longmans  and  Co.     1875. 

This  is  an  abridgment  of  the  well-known  larger  work  of  Ganot 
on  the  **  Elements  of  Physics."  It  is  divested  of  mathematical 
formulae,  and  is  specially  adapted  for  young  persons  and  for 
science  classes  in  schools.  The  extent  of  its  subjedl-matter  may 
be  defined  by  the  fad^  that  it  represents  the  amount  of  physical 
knowledge  necessary  for  the  matriculation  examination  of  the 
University  of  London.  We  are  glad  to  notice  a  second  edition  of 
the  work,  because  we  believe  it  to  be  a  really  useful  work  ;  but  we 
regret  to  notice  that  many  clerical,  and  a  few  other,  errors  have 
not  been  expunged  from  the  first  edition.  These  will,  however, 
be  at  once  apparent  to  the  teacher,  and  can  be  corrected  by  the 
student  once  for  all.  A  second  coloured  plate .  has  been  added 
to  this  Edition,  together  with  twenty-four  new  woodcuts,  and 
twenty  pages  of  new  matter ;  the  editor  has  also  not  contented 
himself  with  giving  a  mere  literal  translation  of  the  French 
work»  but  has  made  various  additions  in  order  to  render  it  more 
complete.  We  would  suggest  that  in  the  next  edition  a  number 
of  well-seledled  questions  on  each  chapter  of  the  work  be  given, 
specially  some  questions  of  an  arithmetical  characfler  (in  regard  to 
levers,  the  inclined  plane,  the  laws  of  falling  bodies,  and  of  the 
pendulum),  which  are  much  affedled  now-a-days  in  the  London 
Matriculation  and  other  examinations. 


A  Short  Manual  of  Heatf  for  the  Use  of  Schools  and  Science 
Classes.  By  the  Rev.  A.  Irving,  B.A.,  B.Sc.  London  : 
Longmans  and  Co.     1875. 

An  Elementary  Book  on  Heat.  By  J.  E.  Gordon,  B.A.  In- 
tended chiefly  for  the  use  of  Candidates  for  the  General 
Examination  for  the  Ordinary  B.A.  Degree.  London  :  Mac 
millan  and  Co.     1875. 

It  is  surprising  that  with  such  a  book  as  Prof.  Clerk  Maxwell's 
**  Elements  of  Heat,"  and  the  Clarendon  Press  Manual  of  Prof. 
Balfour  Stewart,  there  should  be  room  for  any  other  elementary 
work  on  the  subjedl ;  yet  we  have  here  two  little  treatises  appear- 
ing within  a  very  few  months  of  each  other.     The  first  is  by 
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no  means  without  merit ;  it  embodies  in  an  elementary  form  all  the 
phenomena  of  heat,  the  arrangement  is  concise  and  comprehen- 
sive, a  capital  glossary  of  terms  is  given,  and  nearly  twenty  pages 
of  questions.  The  book  appears  to  us  to  be  singularly  well 
suited  for  the  purposes  of  science  teaching  in  schools ;  it  con- 
tains about  two  Terms*  work.  It  is  a  book  which  may  be  used  by 
boys  in  conjuncflion  with  their  school  ledlures,  and  is  certainly 
adapted  for  Form  questioning.  It  is  divided  into  seven  chapters, 
which  treat  respectively  of  the  Nature  and  Sources  of  Heat^ 
Expansion  and  Thermometry,  Changes  of  Physical  Condition, 
Conduction  of  Heat,  Specific  Heat,  Radiant  Heaty  Heat  and 
Work.  A  few  simple,  but  in  most  cases  sufficient,  woodcuts  are 
introduced.  Mr.  Gordon*s  book  is  written  for  a  special  examina- 
tion (the  Cambridge  B.A.),  and  probably  will  not  be  much  used 
beyond  the  circle  for  which  it  is  intended.  The  "questions 
and  problems  **  at  the  end  are  altogether  deficient  as  to  number, 
and  we  should  have  thought  are  in  most  instances  too  elementary, 
even  for  the  examination  for  which  they  are  intended. 


Practical  Hints  on  the  Selection  and  Use  of  the  Microscope,  By 
John  Phin,  Editor  of  the  "  Technologist."  New  York : 
The  Industrial  Publication  Company.     1875. 

This  little  work  describes  in  some  detail  the  various  forms  of 
microscope,  the  manner  of  using  them,  and  the  preparation  and 
mounting  of  objedls ;  it  possesses  a  very  limited  number  of 
woodcuts,  and  it  does  not  appear  to  us  to  possess  any  advan- 
tage over  Dr.  Beale*s  smaller  book,  or  indeed  to,  by  any  means, 
come  up  to  it  in  general  usefulness  and  design. 


Ure*s  Dictionary   of  Arts,  Manufactures,  and  Mines.     By  R. 
Hunt,  F.R.S.     London  :  Longmans,  Green,  and  Co. 

Urb's  "  Dictionary"  still  maintains  its  place  as  the  standard  tech- 
nological encyclopaedia.  There  are,  of  course,  treatises  of  some 
individual  departments,  such  as  metallurgy,  calico-printing, 
manure-making,  &c.,  which  give  more  minute  and  complete  in- 
structions. But  as  affording  a  general  survey  of  the  whole  field 
of  industrial  science,  the  work  before  us  stands  unrivalled,  and 
may  be  regarded  as  a  national  trophy.  The  present  edition  has 
been  carefully  revised  and  brought  up  to  the  standard  of  the  day. 
Many  of  the^original  articles  having  become  obsolete,  have  been 
omitted,  and  others  have  been  greatly  curtailed,  their  subjeCl- 
matter  having  fallen  in  importance  since  the  appearance  of  the 
last  edition.  As  an  instance  of  such  a  relative  decline,  we  may 
mention  the  prussiate  of  potash.  A  quarter  of  a  century  ago  this 
was  the  ingredient  necessary  for  the  produ(5lion  of  the  most 
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beautiful  blues  then  known,  whether  upon  cottons,  silks,  or  wool- 
lens. It  was  also  essential  in  the  manufadlure  of  Prussian  blue, 
which  was  then  a  leading  pigment.  Now,  however,  blues  far 
finer  and  brighter  than  those  produced  with  prussiate  are  dyed 
or  printed  with  coal-tar  compounds.  On  the  other  hand,  artifi- 
cial ultramarine  has  greatly  interfered  with  the  use  of  Prussian 
blue.  Hence  the  importance  of  prussiate  of  potash  is  declining, 
and  there  can  be  no  longer  the  same  interest  felt  in  its  manufac- 
ture. The  whole  field  of  technology— especially  its  chemical 
portion — is  full  of  such  revolutions. 

As  an  instance  of  an  article  nearly  re-written,  or  at  least 
enriched  with  a  great  amount  of  new  and  important  matter,  we 
may  mention  that  on  calico-printing.  Many  capital  discoveries 
have  been  made,  or  at  least  introduced,  into  practical  use  since 
the  appearance  of  the  last  edition.  Accordingly,  we  find  now 
full  notice  of  the  methods  of  applying  the  coal-tar  colours,  espe- 
cially the  aniline-blacks — of  the  use  of  artificial  alizarin  and  the 
improved  extra(5ts  of  madder,  of  the  recent  developments  of  pig- 
ment printing,  and  of  the  new  indigo-vat  of  Schtitzenberger 
and  De  Lalande — improvements  which  may  be  said  to  have 
created  a  perfedlly  new  epoch  in  this  wonderful  art.  The 
kindred  department  of  dyeing  is  scarcely  treated  in  as  thorough- 
going and  as  pra(5lical  a  manner.  In  the  article  on  sulphuric 
acid,  we  are  glad  to  find  that  the  recent  important  researches  of 
Mr.  H.  A.  Smith  have  not  been  passed  unnoticed.  He  maintains 
that  the  best  form  of  chambers  should  be  rather  long  than  high, 
being  about  150  feet  in  length,  35  to  30  feet  in  width,  and  10  to 
12  feet  in  height. 

The  account  of  the  artificial  soda,  or,  as  it  is  generally  called, 
alkali- manufadlure,  includes  brief  notices  of  the  new  methods  of 
Mr.  Tilghman  and  of  MM.  Schloesing  and  Holland,  otherwise 
known  as  the  ammonia-process.  The  arrangements  for  effecfling 
the  condensation  of  the  muriatic  gas,  as  required  under  the 
Alkali  Adl  of  1863,  are  also  described  and  illustrated  with  draw- 
ings of  the  towers  at  the  celebrated  works  of  Messrs.  Alhusen. 

In  short,  it  may  generally  be  said  that  few  recent  improvements 
in  any  branch  of  manufadlures  have  been  entirely  overlooked. 
It  would  be,  of  course,  easy  to  suggest  additions  which  might 
have  been  made,  and  which  would,  doubtless,  increase  the  value 
of  the  work.  But  the  great  point  in  a  compilation  of  this  kind 
is  to  include  all  that  is  really  essential  without  rendering  the 
result  too  bulky,  and  consequently  too  costly.  This  end,  we 
think,  the  editors  have  reached  to  a  very-  satisfadlory  degree. 
The  present  edition  is  a  book  which  no  manufadlurer,  merchant, 
miner,  or  technologist,  should  be  without. 
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The  Skull  and  Brain;  their  Indications  of  Character  and  Ana- 
tomical  Relations.  By  Nicholas  Morgan.  London : 
Longmans,  Green,  and  Co. 

A  WORK  on  phrenology  is,  in  these  days,  quite  a  portent.  Some 
30  or  40  years  ago  the  case  was  different.  Every  large  town 
and  many  a  small  one  had  its  phrenological  society ;  every  popu- 
lar literary  institute  had  a  class  for  the  study  of  cerebral  develop- 
ment in  cdnnedlion  with  charadler.  We  saw  phrenological  busts 
in  shop- windows  and  in  the  libraries  of  our  friends.  We  heard 
the  subjedt  continually  discussed,  not  merely  at  gatherings  of 
scientific  men,  but  even  in  general  society.  Works  assailing  or 
defending  the  system  were  published,  and  received  wide  atten- 
tion. Now  all  this  is  changed.  The  phrenological  societies  are, 
we  believe,  for  the  most  part,  defun<5l,  and  their  museums  broken 
up  or  disused.  There  does  not  appear  to  be,  numerous  as  scien- 
tific and  semi-scientific  periodicals  have  become,  a  single  phreno- 
logical journal  published  in  London.  We  cannot  lay  our  hands 
on  any  review-article  on  the  subjecfl  which  has  been  issued 
within  some  15  years  ;  nor,  indeed,  does  our  author  refer  to  any 
such.  Surely  this  fadl — the  gradual  but  general  disappearance 
of  phrenology  from  public  attention  in  England — is  one  which 
Mr.  Morgan  should  have  noticed,  and,  if  possible,  explained. 
But  he  seems  to  have  ignored  it  altogether. 

Again,  Mr.  Morgan  quotes  without  contradi(5lion,  from  **  Black- 
wood's Magazine"  for  1857,  a  passage  by  Mr.  G.  H.  Lewes,  in 
which  the  latter  declares  that  though  '*  phrenology  was  bom  in 
Germany  and  reared  in  France,  it  has  not  standing-room  in 
either  country."  On  this  he  comments  as  follows :  **  This  is 
highly  suggestive.  The  seed  of  phrenology  germinates  and 
grows  vigorously  in  these  countries  (England  and  Scotland), 
because  it  is  sown  in  the  soil  of  thought  and  is  manured  by  im- 
partial investigation,  and  warmed  by  the  sunshine  of  sincerity. 
No  wonder,  then,  that  it  withstands  the  blight  of  ridicule  and  the 
storms  of  prejudice."  To  this  somewhat  rhetorical  passage 
we  must  objedl  that  it  overlooks  the  recent  decline  of  phrenology 
in  Britain.  Further,  neither  Mr.  Lewes  nor  Mr.  Morgan  accounts 
in  a  satisfactory  manner  for  the  failure  of  phrenology  on  the 
Continent,  as  compared  with  its  former  popularity  in  England. 
"  Thought,"  "  impartial  investigation,"  and  "  sincerity,"  are 
assuredly  not  the  exclusive  attributes  of  our  island.  Political 
investigations,  indeed,  when  taking  a  diredlion  unwelcome  to 
the  authorities,  may  have  been  suppressed  in  Germany;  but 
scientific  speculation'  has  assuredly  not  been  fettered,  either  by 
the  censorship  or  by  "  Mrs.  Grundy."  We  doubt,  indeed,  the 
power  of  the  latter  authority  to  hinder  a  German  professor  from 
following  out  to  its  remotest  logical  consequences  any  system 
for  which  he  has  sufficient  evidence. 

We  do  not,  of  course,  mean  to  urge  that  either  the  decay  of 
phrenology  in  Britain,  or  its  rejedlion  in  Germany,  is  any  diredl 
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argument  against  its  truth.     Still  both  are  fadls  which  an  apolo- 
jgist  like  Mr.  Morgan  would  have  done  well  to  examine. 

The  work  before  us  begins  with  a  survey  of  the  objedlions  to 
phrenology,  those  especially  urged  by  Mr.  Lewes  in  his  **  His- 
tory of  Philosophy/'  as  published  in  187 1,  and  in  his  paper  on 
**  Phrenology  in  Prance/*  contained  in  **  Blackwood's  Magazine/' 
for  December,  1857.  Mr.  Lewes  is  charged  with  a  strong  anti- 
phrenological  bias,  and  with  the  ready  acceptance,  without  due 
verification,  of  evidence  telling  against  the  system.  Thus,  on 
the  authority  of  M.  Piesse  ("  La  M6decine  et  les  M6decin8,"  Paris, 
1857),  he  declares  the  head  of  the  first  Napoleon  to  have  been 
"  decidedly  small."  Mr.  Morgan,  from  acflual  measurements, 
made  on  **  an  authentic  copy  of  Dr.  A'ntomarchi's  cast  of  him," 
asserts  that  it  was  '*  considerably  larger  than  the  average  Euro- 
pean male  head,"  exceeding  in  most  diredlions  the  heads  of  S. 
T.  Coleridge  and  Dr.  A.  Combe.  The  researches  of  Dr.  Ferrier, 
which,  by  the  way,  will  lay  him  open  to  the  vengeance  of  the 
anti-vivise(5lionists,  are  cited  in  proof  that  the  individual  convo- 
lutions of  the  brain  are  separate  and  distin(5l  organs.  It  is  sug- 
gested that  possibly  Mr.  Lewes  **  will  deem  it  advisable  in  the  nes^ 
edition  of  the  **  History  of  Philosophy"  to  modify  his  views,  and  to 
eliminate  the  gratuitous  assertion  that  the  researches  of  ana- 
tomists have  disproved  every  point  advanced  by  Gall,  in  the 
same  way  as  he  found  it  necessary  to  re-write  many  portions  of 
the  last  edition,  so  as  to  bring  them  more  in  consonance  with  the 
spirit  of  the  times." 

Dr.  Ferrier's  results,  though  accepted  in  support  of  the  view 
that  the  brain  consists  of  a  number  of  distin(5l  organs,  are  other- 
wise called  strongly  in  question.  This  relates  especially  to  his 
announcement  that  the  cerebellum  has  no  connedlion  with  the 
sexual  instin(5t,  since  its  excitement  by  a  Faradic  current  failed 
to  elicit  any  amatory  symptoms. 

Incidentally,  too,  Dr.  Carpenter  is  criticised.  He  maintains* 
'<  that  the  posterior  lobes  of  the  cerebrum  are  the  instruments,  not 
(as  maintained  by  phrenologists)  of  those  passions  and  propensi- 
ties which  man  shares  with  the  lower  animals,  but  of  attributes 
peculiar  to  man,  which  we  fairly  may  suppose  to  consist  in  such 
mental  operations  of  a  peculiar  intelled^ual  chara(5ler  as  do  not 
express  themselves  in  bodily  adlion." 

Our  author  remarks  that  the  brains  of  idiots  are  generally 
remarkable  for  the  largeness  of  these  parts  and  the  smallness  of 
the  anterior  lobes,  whilst  those  persons  who  are  marked  for  in- 
telledlual  power  are,  as  a  rule,  equally  noted  for  the  extraor- 
dinary size  of  the  anterior  lobes. 

We  should  add  that  the  number  of  attributes  peculiar  to  man 
will  be  found,  upon  more  careful  and  impartial  scrutiny,  to 
become  **  fine  by  degrees,  and  beautifully  less."  The  last  objec- 
tion to  phrenology  which  the  author  takes  into  consideration  is 

•   Mental  Physiology,  pp.  714,  7x5. 
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the  timeworn  cavil  that  it  leads  to  fatalism — a  curious  charge 
when  brought,  as  it  often  was,  by  the  followers  of  Calvin  1  It 
must  be  remembered  that  the  plea  of  necessity  is  felt  to  be  no 
longer  any  bar  to  the  punishment  of  criminals.  Whether  a 
given  man  can  **  help"  committing  a  murder  or  not,  still,  if  he 
has  been  guilty  of  such  a  deed,  society  is  in  self-defence  justi- 
fied in  his  elimination. 


A  Digest  of  the  Reported  Cases  Relating  to  the  Law  and  Practice 
of  Letters  Patent  for  Inventions,  Decided  from  the  Passing 
of  the  Statute  of  Monopolies  to  the  Present  Time.  By 
Clement  Higgins,  M.A.,  F.C.S.,  Barrister-at-Law.  Lon- 
don :  Butterworths. 

The  rights  of  inventors,  the  nature  and  even  the  very  existence 
of  patent-laws,  are  at  present  under  examination  and  may  be 
said  to  be  trembling  in  the  balance.  A  number  of  persons,  noisy 
if  not  numerous,  and  strong  in  influence  if  not  in  argument,  con- 
tend that  patents  are  a  hindrance  instead  of  a  benefit  to 
manufa<5lures,  and  deny  the  exclusive  claim  of  the  inventor  to 
the  beneficial  use  of  his  own  ideas.  That  a  view  so  essentially 
communistic  should  for  one  moment  be  tolerated  in  property- 
loving  England  may  seem  at  first  sight  singular.  But  it  is  in 
reality  the  outcome  of  a  principle  but  too  common.  Your 
sans  cullotte  communist,  who  has  nothing  in  his  purse,  denounces 
property  as  robbery,  and  clamours  for  the  confiscation  of  landed 
estates.  Your  capitalist,  who  has  nothing  in  his  head,  denounces 
property  in  ideas,  and  seeks  to  confiscate  all  inventions  for  the 
good  of  the  public,  by  which  he  means  himself. 

There  are,  moreover,  two  words  commonly  used  in  connedlion 
with  patents  which  adl  upon  the  "  rump  "  of  the  Manchester 
school  in  the  same  manner  as  a  red  cloth  does  upon  a  bull.  We 
speak  of  obtaining  protection  for  an  invention,  and  we  refer  in 
treating  of  patents  to  the  statute  of  Monopolies.  These  two  un- 
fortunate terms  do  the  mischief.  They  are  used,  to  be  sure,  in 
a  sense  quite  different  from  what  they  bore  in  the  great  anti-corn- 
law  agitation.  But  a  free-trader  when  once  he  suspedls  economic 
heresy  overlooks  such  distindlions.  It  is,  of  course,  incontro- 
vertible that  if  any  kind  of  property  should  be  sacred  and 
inviolable,  property  in  inventions  should  have  precedence.  The 
inventor  may  justly  ask  the  memorable  question  "  May  not  I  do 
what  I  will  with  my  own  ?  "  for  he  has  created  it.  If  a  man  may 
use  our  inventions  against  our  will,  and  without  recompense,  a 
fortiori  he  is  entitled  to  appropriate  our  money,  even  our  personal 
labour,  for  his  own  purposes.  If  the  anti-patent  law  agitators 
can  show  us  any  better  way  in  which  the  interests  of  the  inven- 
tor may  be  secured  and  recognised,  we  shall  be  well  content.  If 
not,  we  must  protest  against  their  views,  and  against  the  Bill  for 
the  **  Amendment "  of  the  Patent  Laws  now  under  the  consider- 
ation of  Parliament. 
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The  work  before  us  is  a  valuable  and  a  welcome  contribution 
to  a  knowledge  of  our  present  patent-law  system,  a  system  which, 
with  all  its  admitted  imperfedlions,  has  done  much  for  our  national 
manufacturers  and  much  for  industrial  science.  Those  very  men 
who  are  now  barking  against  the  system  owe  to  it,  indiredlly, 
everything.  It  therefore  deserves  that  we  should  make  it  the 
subjecfl  of  careful  study,  so  that  its  blemishes  and  shortcomings 
may  be  removed  without  the  sacrifice  of  its  merits. 

Mr.  Higgins  has  given  us,  in  a  very  natural  and  convenient 
order,  the  recorded  decisions  of  the  courts  of  Law  and  Equity  on 
every  branch  of  this  great  and  difficult  subjedl.  From  these 
decisions  the  state  of  the  law  upon  any  point  connedled  with 
patents  may  be  deduced. 

The  learned  author  has  not,  indeed,  sought  to  explain  or  justify 
the  decisions,  to  reconcile  real  or  apparent  discrepancies,  or  to 
furnish  any  note  or  comment  whatever.  Had  he  done  so  the 
volume  might  have  been  expanded  to  an  extent  which  would  have 
greatly  interfered  with  its  utility.  But  he  enables  even  persons 
not  learned  in  the  law  to  form  a  clear  notion  of  the  circumstances 
and  conditions  under  which  patents  are  granted,  and  of  the 
rights,  duties,  and  liabilities  of  patentees.  The  decisions  are 
grouped  under  such  heads  as  persons  interested  would  naturally 
expedl,  and  within  these  divisions  they  are  arranged  in  chronolo- 
gical order.  Does  the  reader  wish  to  know  what  may  be  legally 
made  the  subje<5l-matter  of  letters-patent  ?  He  finds  that  head 
in  the  copious  table  of  contents  and  under  it  the  decisions  in 
point.  Does  he  wish  for  information  on  sale  and  assignment,  on 
licences  and  royalties,  on  joint  ownership,  or  on  infringement  ? 
It  is  all  here.  The  work  is  further  provided  with  a  **  table  of 
cases  "  showing  the  original  documents  in  which  the  decisions 
are  found  and  the  paragraphs  in  which  they  are  quoted  in  this 
digest.  There  is  also  a  very  elaborate  index.  In  fine,  we  must 
pronounce  the  book  not  only  invaluable  to  patent  agents,  but 
likely  to  protedl  inventors,  patentees,  and  manufacturers  from 
much  unnecessary  trouble,  anxiety,  and  expense. 


Corals  and  Coral  Islands.     By  James  D.  Dana,  LL.D.     Lon- 
don :  Sampson  Low,  Marston,  Low,  and  Searle. 

Corals  have  long  been  a  subject  for  conflicting  theories,  and 
a  theme  for  sentimental  declamation.  They  were  once  classified 
as  vegetables.  By  certain  speculators  they  are  even  yet  imag- 
ined to  be  purely  mineral  developments,  a  kind  of  crystallisation, 
due  to  ereCtrical  forces,  which  Dr.  Dana  justly  characterises  as 
**  the  first  and  last  appeal  of  ignorance."  Some  even  of  those 
who  cannot  deny  the  evidence  of  their  animal  nature  entertain 
the  wildest  notions  as  to  their  manner  of  life  and  as  to  the  mode 
in  which  coral  reefs  are  produced.    Those  Selicately  branched 
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and  laminated  stni(ftures,  white,  yellow,  or  red,  which  adorn  our 
museums  under  the  name  of  "  corals,"  are  commonly  said  to  be 
the  **work*'  of  certain  minute  worms,  or  worse  still  of  "insedls," 
— a  term  which  so  applied  always  sets  our  teeth  on  edge.  These 
little  creatures  by  their  "  toil "  and  **  skill "  are  supposed  to 
build  up  islands  from  out  of  the  profoundest  depths  of  ocean. 
Each  branch  of  coral  is  supposed  to  be  **  the  constructed  hive  or 
house  of  a  swarm  of  polyps,  like  the  comb  of  the  bee  or  the  hil- 
lock of  a  colony  of  plants.*'  The  pores  are  described  as  cells 
into  which  the  individual  "  insedls  "  can  retire  for  shelter  or 
concealment. 

All  this,  and  more  of  a  similar  tendency,  may  be  read  in  certain 
popular  treatises  on  natural  history,  or,  for  those  who  prefer  verse 
to  prose,  in  Montgomery's  "  Pelican  Island,"  concerning  which 
our  author  remarks,  with  perfecSl  truth,  that  "  more  error  in  the 
same  compass  could  scarcely  be  found."  In  sober  reality,  the 
polyps  elaborate  coral,  not  by  skill  or  toil,  but  by  unconscious 
secretion,  just. as  the  bfrd  forms  the  shell  of  its  e^g,  or  the  quad- 
ruped develops  its  bones.  Instead  of  the  coral  being  a  house, 
it  is  rather  a  skeleton,  having  its  place  within  the  animal.  Polyps 
propagate  by  a  process  of  "  budding  '*  as  well  as  by  ova,  the 
former  method  being  more  general  among  the  coral-forming 
species.  This  accounts  for  the  branch-like  stru(5i:ure  of  the 
corals. 

The  notion  of  polyps  building  up  islands  from  the  bottom  of 
deep  seas  is  now  knovyn  to  be  mythological.  Coral  is  certainly 
found  at  great  depths,  but  it  is  never  discovered  in  a  living  state 
beyond  twenty-five  fathoms.  Hence,  the  origin  of  coral  reefs 
was  wrapped  in  mystery  until  Darwin,  during  the  celebrated  sur- 
veying voyage  of  the  BeagUy  succeeded  in  solving  the  question. 
Coral  cannot  live  below  twenty-five  fathoms,  and  yet  it  is  found 
extending  downwards  to  far  greater  depths,  dead  in  the  lower 
regions,  but  living  above.  This  is  only  possible  on  the  supposi- 
tion that  the  foundations  upon  which  the  reef  was  "  built "  have 
gradually  sunk  down,  whilst  the  upper  part  continues  to  be  ex- 
tended, so  as  to  keep  its  level,  or  even  to  rise  to  a  certain  height 
above  the  surface.  Hence,  these  reefs  become  of  the  profoundest 
interest  to  geologists,  serving  as  evidence  of  areas  of  subsidence, 
and,  in  tropical  seas  at  least,  marking  the  position  of  islands 
which  have  long  ago  disappeared. 

Dr.  Dana's  views  on  the  origin  and  signification  of  coral-reefs 
coincide  in  all  main  points  with  those  of  Darwin.  The  theory 
of  our  great  English  naturalist,  which  the  author  has  studied,  not 
in  the  closet,  but  among  the  living  objedls  of  which  it  treats, 
gave  him,  as  he  informs  us,  on  his  ocean  journeys,  "  not  only 
light  but  delight,  since  fadls  found  their  places  under  it  so  readily, 
and  derived  from  it  so  wide  a  bearing  on  the  earth's  history."  It 
is  still  more  important  for  us  to  learn  that  Darwin's  work  on 
•*  Coral  Reefs  "  appeared  at  a  time  when  the  author's  **  Report " 
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was  already  in  manuscript.  The  conclusions  which  these  two 
eminent  explorers  had  in  a  great  measure  independently  reached 
were  for  the  most  part  the  same.  It  need  scarcely  be  said  that 
such  a  coincidence  furnishes  a  very  strong  presumption  in  favour 
of  the  corred^ness  of  the  theory. 

Dr.  Dana's  work  is  well  arranged.  It  may  be  divided  into  a 
zoological  and  a  geological  portion.  In  the  former  he  describes 
and  figures  the  principal  species  of  polyps,  hydroids,  bryozoans, 
nulliporesy  and  corallines.  He  then  treats  of  their  distribution  in 
latitude  and  in  depth,  of  the  influence  of  local  causes  upon  their 
development,  and  on  their  rate  of  growth.  He  then  considers 
the  stru(5lure  of  coral  reefs  and  islands,  their  formation,  and  the 
causes  modifying  their  form  and  growth,  so  as  to  produce  barrier 
and  fringing  reefs  and  completed  atolls.  The  author  next  surveys 
the  geographical  distribution  of  coral  reefs  and  islands  and 
passes  on  to  the  changes  of  level,  in  the  Pacific  Ocean  especially, 
of  which  they  afford  us  evidence.  Finally  he  considers  the  geo- 
logical bearing  of  the  fadls  detailed  in  the  earlier  portions  of  the 
work,  especially  as  regards  the  origin  and  characfleristics  of  the 
great  limestone  formations.  The  work  is  plentifully  and  usefully 
illustrated, — two  points  which  do  not  always  go  together, — and 
is  furnished  with  an  isochrymal  chart  of  the  oceans  to  illustrate 
the  geographical  distribution  of  corals  and  other  oceanic  species. 
There  are  also  a  good  table  of  contents  and  index,  a  list  of 
authors  and  memoirs  quoted,  and  a  list  of  the  species  described 
in  the  author's  classical  **  Report  on  Zoophytes."  We  consider 
this  a  popular  book  in  the  highest  sense  of  the  word — clear, 
intelligible,  readable,  but  at  the  same  time  thorough-going 
and  accurate.  Every  student  of  natural  history,  geology,  or  phy- 
sical geography  ought  to  give  this  work  a  place  in  his  library. 


Chemical  Examination  of  Alcoholic  Liquors.     By  Albert  B. 

Prescott,  M.D.  New  York :  D.  Van  Nostrand. 
The  objedls  of  this  manual,  as  stated  in  the  preface,  are  to  give 
in  outline  the  chemistry  of  alcoholic  liquors,  including  their  cur- 
rent impurities  and  adulterations,  in  such  terms  as  to  be  under- 
stood by  persons  having  only  an  ordinary  acquaintance  with 
chemical  science ;  and  secondly,  to  furnish  diredlions,  as  far  as 
possible,  for  an  efficient  chemical  examination  ;  not  more  elabo- 
rate than  is  required  for  commercial,  hygienic,  and  legal  pur- 
poses, and  containing  all  details  except  such  as  are  to  be  found 
in  every  rudimentary  treatise  on  chemical  analysis.  The  writer, 
we  are  happy  to  find,  holds  it  to  be  of  absolute  importance  to 
society  that  all  articles  used  as  foods,  medicines,  or  beverages 
be  made  subjedl  to  stridl  examination  by  authority  of  the  law, 
and  that  impurities  and  additions  be  systematically  exposed  and 
suppressed."  The  author  carries  out  his  plan  in  a  very  satisfac- 
tory  manner.      Under  each  alcoholic  liquor  he  describes  the 
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normal  constituents,  and  then  the  fraudulent  additions  or  sub- 
stitutions. 

Thus  we  are  informed  that  genuine  wine  (the  fermented  juice 
of  the  grape  without  any  addition)  contains : — 
(a).  Alcohol,  7  to  20  per  cent,  by  weight. 
(6).  Non-volatile  substances,  3  to  10  per  cent.,  including — 

Grape-sugar  o' I  to  3  per  cent  (in  a  few  varieties  of  wine 
10,  13,  14  per  cent.) 

Free  fixed  acid,  equal  0*3  to  o-6  of  tartaric. 

Tannic  acid,  0'o8  to  0*20  per  cent. 

Glycerine,  o-i  to  0*5  (maximum  2*0  per  cent.) 

Albumen  (nitrogen  from  0*02  to  0-06  per  cent.) 

Gum,  pedlin,  fat,  wax,  colour,  ash,  0*17  to  0-27  per  cent. 
(Potassic  phosphate,  fully  two-thirds  the  ash.) 
.  Tartrate  of  ethyl  (decomposed  upon  evaporation). 
(c).  Volatile  substances,  besides  alcohol  and  water. 

Ethers. 

Fusel  oil. 

Acetic  acid  (0'o6  to  0'i2  per  cent.) 
We  must  remark  that  the  author  does  not  use  the  term  "  fusel" 
as  a  mere  synonym  for  amylic  alcohol,  but  extends  it  to  all 
those  produdls  of  fermentation  which  distil  at  a  temperature 
higher   than  the  boiling-point   of  ethylic  alcohol.      He  quotes 
from   Schmidt's   "Jahrbucher  Gesam.   Med.,"    1871,   B.    149, 
p.  264,  some  interesting  information  on  the  physiological  a<5lion 
of  these  compounds,  which  fully  confirms  the  prevalent  notion 
of  their  insalubrity.  Amylic  alcohol,  it  appears,  produces  poison- 
ous effecfls,  closely  resembling  those  of  ethylic  alcohol,  but  of 
fifteen  times  greater  intensity.     Frogs  were  floated  in  a  0*002 
solution  of  the  alcohol  (one  part  to  500  parts  of  water),  and  then 
in  stronger  solutions,  and  the  effedls  of  depressed  adlion  of  the 
heart,  congestion,  anaesthesia,  and  death  were  timed.     Amylic 
alcohol  produced  the  same  effecfls  in  the  same  time  as  did  ethy- 
lic alcohol  of  fifteen  times  greater  concentration  or  butylic  alco- 
hol of  three  times  greater  concentration  ;  from  which  it  was  in- 
ferred that  the   poisonous   adlion    of   butylic  alcohol  is    five 
times   more  intense  than  that  of  ethylic  acohol  in  the  same 
quantity.      Rabuteau  also    experimented    on    himself,    taking 
trom  four  to  eight  grains  of  amylic  alcohol  in  a  glass  of  wine, 
and  the  results  confirmed  the  conclusions  given  above.     On  the 
other  hand,  Hermann,  in  his  <<  Alcoholism  in  Russia,"  maintains 
that  delirium  tremens  and  acute  alcoholism  are  not  found  more 
likely  to  result  from  the  use  of  cheap  spirits  with  much  fusel  oil 
than  froni  the  consumption  of  purer  qualities.     We  may  here 
state  that  in  Poland  and  certain  parts  of  eastern  Germany, 
where  highly  fuseliferous  potato-spirit  is  extensively  consumed, 
the  belief  in  its  specially  injurious  charadler  is  common,  both 
among  professional  and  non-professional  observers. 
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Apropos  of  poisonous  beverages,  our  attention  naturally  turns 
to  the  worst  of  the  class,  absinthe.  Dr.  Prescott  describes  it  as 
containing  40  to  60  per  cent,  by  volume  of  alcohol,  and  several 
per  cent  of  essential  oils,  those  of  wormwood,  cinnamon,  cloves, 
anise,  and  angelica  being  chiefly  used,  and  coloured  green  with 
leaves  of  spinach  and  parsley,  occasionally  also  with  acetate  of 
copper  or  with  a  mixture  of  indigo  and  gamboge.  Doubtless 
by  an  oversight,  he  makes  no  allusion  to  the  specifically  noxious 
quality  of  this  liqueur  as  compared  with  alcohol.  We  certainly 
think  it  essential  that  the  manufacture,  importation,  or  sale  of 
this  and  of  any  analogous  compound  should  be,  on  obvious  sani- 
tary grounds,  totally  prohibited. 

Returning  to  wine,  we  find,  among  the  list  of  impurities  or 
additions,  sugar,  to  increase  the  alcoholic  strength  of  wines 
which  otherwise  would  be  weak.  The  author  mentions  that  not 
more  than  20  per  cent  of  alcohol  can  be  obtained  by  fermenta- 
tion. If  a  greater  amount  be  deted^ed,  the  wine  is  sophisticated 
by  the  addition  of  spirits,  generally  of  a  low  quality.  Glycerine 
is  occasionally  added  to  the  extent  of  i  to  3  per  cent.,  and  if  of 
good  quality,  free  from  traces  of  lead,  is  one  of  the  most  pardon- 
able additions. 

Calcined  gypsum  is  sometimes  added  <'to  prevent  viscous  fer- 
mentation, to  restore  ropy  wines,  to  fix  colour,  and  to  remove 
water.''  It  is  sometimes  sprinkled  upon  the  grapes,  constituting 
the  sin  of  plastering.  This  evil  pracflice  has  not  only  been  long 
and  widely  followed  by  the  manufacflurers — we  use  the  term 
advisedly  instead  of  growers — of  sherry,  but  is  finding  its  way 
into  Australia.  The  result  is  that  sulphate  of  pK)tash  is  formed 
in  the  wine  to  an  unnatural  extent ;  its  harsh,  saline  bitterness 
greatly  injuring  the  flavour,  and  its  well  known  adtion  upon  the 
heart  rendering  it  hurtful,  even  dangerous.  We  should  propose 
that  all  wines  found  to  contain  sulphuric  acid  in  combination 
that  above  the  normal  amount  should  be  at  once  condemned  and 
run  out  into  the  river.  Of  course  a  brisk  debate  would  then 
arise  as  to  the  normal  quantity,  and  those  chemists  who  stated 
the  amount  corre(5i:ly  would  be  pronounced  "  incompetent"  by 
self-constituted  judges.  It  is  an  important  fadt  that  in  the  juice 
of  the  grape  magnesian  salts  predominate,  whilst  the  fruits  with 
which  spurious  imitations  are  chiefly  got  up  are  richer  in  calcium 
compounds.  True  wine  contains  malic  and  tartaric  acids,  whilst 
sham  wines  are  often  rich  in  citric,  and,  honribile  dictUy  in  oxalic. 
The  latter  prevails  when  the  fermented  juice  of  rhubarb  plays  a 
leading  part  in  the  manufadlure.  Cane-sugar  is  never  found  in 
genuine  wine,  and  its  presence  is,  therefore,  a  mark  of  fraud. 
The  author  very  judiciously  remarks  that  "  the  artificial  pro- 
dudlion  of  wines  is  not,  like  that  of  brandy,  a  task  which  chemi- 
cal skill  can  hope  to  accomplish.  Besides  the  great  complexity 
of  the  ethers,  the  solid  extradlives  are  requisite.  Then  the 
peculiarity — in  many  cases  the  commercial  value — of  an  adlual 
wine  depends   upon   certain  proportions    of   the    constituents 
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named  above,  which  proportions  the  chemist  cannot  fully  deter- 
mine. The  ethers  of  wine  elude  quantitative  analysis.  More- 
over there  are  doubtless  substances  in  wine  not  identified.  It 
may  be  perfedlly  true  that  a  mixture  of  pure  alcohol,  water,  glu- 
cose, bitartrate,  and  ethers,  may  be  made  in  such  carefully 
adjusted  proportions  that  it  will  probably  be  capable  of  producing 
whatever  effedl  wine  would  produce  upon  the  system,  and  indeed 
may  be  less  objedtionable  for  administration,  more  agreeable, 
and  more  saleable  than  are  many  grades  of  adlual  wine ;  yet 
such  a  mixture  is  not  ad^ual  wine,  and  should  not  be  presented 
as  such." 

In  treating  of  malt  liquors,  the  author  does  not  endorse  the 
view  that  strychnia,  if  added  to  beer,  would  be  thrown  out  of 
solution  by  the  tannic  acid  of  the  hop.  The  tannin  of  the  hop 
does  not  remain  in  beer.  "  Moreover  the  insolubility  of  the  tan- 
nate  of  strychnia  in  20,000  parts  of  water  is  by  no  means  assured, 
and  with  the  solvent  adtion  of  acetic  acid,  as  in  beer,  is  quite 
improbable.'*  Further,  where  strychnia  is  used,  the  hops  will 
either  be  greatly  reduced  in  amount  or  dispensed  with  altogether. 

We  may  finally  charadlerise  this  work  as  a  valuable  comple- 
ment to  the  labours  of  Mr.  Allen,  Professor  Wanklyn,  and 
others  of  the  much-abused  public  analysts  who  are  successfully 
striving  to  place  the  chemical  examination  of  food  upon  a  sound 
and  sure  basis. 


Report  of  the  Geological  Survey  of  the  State  of  Missouri,  in- 
cluding Field  Work  of  1873- 1874.  With  91  Illustrations  and 
an  Atlas.  By  Garland  C.  Broadhbad,  State  Geologist. 
Jefferson  City :  Regan  and  Carter. 

This  is  a  decidedly  unreadable  book,  and  yet  as  a  work  of  refer- 
ence we  must  pronounce  it  a  most  valuable  contribution  to 
geological  literature — a  store-house  of  authenticated  fadls  placed 
at  the  disposal  of  men  of  science. 

After  a  historical  sketch  of  the  progress  of  mining  and  metal- 
lurgy in  the  State  of  Missouri,  we  find  an  account  of  its  caves, 
water-supplies,  soils,  timber,  minerals,  and  rocks.  Then  follow 
more  detailed  notices  of  the  geology  of  the  various  counties,  and 
a  description  of  the  lead  regions  of  south-western  and  of  central 
and  south-eastern  Missouri,  and  of  the  iron  ore  deposits  of  the 
State.  In  the  appendices  are  given  a  description  of  the  lead- 
mines  of  upper  Louisiana,  the  metallic  statistics  and  mineral 
springs  of  Missouri,  and  an  abstradl  of  the  chemical  analyses  exe- 
cuted by  the  department.  These  latter  refer  chiefly  to  coals, 
limestones,  waters,  lead  and  zinc  ores,  and  slags. 

The  presence  of  cadmium  in  the  blende  from  the  south-western 
region  is  a  fadl  of  some  interest.  In  its  determination  the 
samples  usually  taken  were  of  the  weight  of  20  grms.  The  cad- 
mium   was    first   thrown    down    by   means   of    sulphuretted 
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hydrogen,  but  as  the  precipitate  was  accompanied  by  much  zinc 
it  was  re-dissolved  in  hydrochloric  acid,  and  again  thrown  down 
in  the  same  manner.  It  was  next  dissojved  in  sulphuric  acid, 
the  slightest  excess  being  carefully,  avoided,  and  a  third  time 
precipitated  as  sulphide.  This  time  the  separation  was  found  to 
be  perfe(5t.  The  cadmium  sulphide  was  then  re-dissolved,  precipi- 
tated, and  finally  weighed  as  oxide.  The  cyanide  method  was 
also  used  for  the  separation  of  zinc  and  cadmium,  and  the 
mean  results  obtained  all  agreed  within  0*05  per  cent. 

The  mineral  productions  of  the  State  appear  extensive  and 
varied.  Iron  occurs  in  the  forms  of  bog-ore,  limonite,  goethite, 
red  hematite,  spathic  ores,  ankerite,  specular  iron,  and  sulphurets. 
The  latter  is  generally  diffused,  **  occurring  in  most  of  the  coals, 
shales,  and  slates,  and  scarcely  any  limestone  is  free  from  it.'* 
Gold  is  found,  though  not  to  any  great  extent,  in  the  drift  sands 
of  North  Missouri.  Silver  is  found  only  associated  with  lead. 
Blende  abounds  at  Granby  and  Joplin  and  in  other  parts  of  the 
South-west ;  it  is  also  found  in  the  coal  ^^  pockets  *'  of  Central 
Missouri,  in  the  lead  mines  of  the  same  districfl,  in  the  St.  Louis 
limestone,  and  in  the  coal-measure  limestone.  **  Iron-stone 
concretions  often  inclose  a  nucleus  of  zinc-blende.  Fragments 
of  plant-remains  often  have  minute  cracks  filled  with  blende,  and 
it  occurs  in  the  interior  of  fossil  shells."  Silicate  and  carbonate 
of  zinc  occur  at  Granby  and  Joplin,  and  zinc-bloom,  though  rarely 
in  the  central  and  southern  parts  of  the  State.  Greenockite 
(cadmium  sulphide)  is  associated  with  blende  in  the  South-west. 
Copper  is  not  specially  mined  at  any  part  of  the  State,  though 
it  exists  in  small  quantities  widely  diffused,  as  malachite  and  as 
copper  pyrites.  Nickel  and  cobalt  occur  as  sulphides  and  arse- 
nides, distributed  through  the  galena,  especially  at  Mine  La 
Motte.    At  the  Bluff  Diggings  the  ore  was  found  to  contain — 

Copper i*oo 

Nickel i8'io 

Cobalt 13*90 

Lead 17-45  per  cent. 

These  ores  are  not  washed,  but  alternate  layers  of  the  ore  and 
of  charcoal  are  placed  on  a  heap  and  roasted.  When  thus  freed 
from  sulphur  they  are  smelted  in  a  blast-furnace,  which  yields^  a 
matte  of  nickel  and  cobalt,  some  little  copper,  and  traces  of 
lead.     Its  sale  price  on  the  spot  is  75  cents  per  pound. 

Millerite  (nickel  sulphide)  is  found  in  the  St.  Louis  limestone 
in  beautiful  hair-like  crystals,  occupying  drusy  cavities  and  rest- 
ing on  calcite  or  on  fluor-spar.  Lead  occurs  in  profusion  as 
galena  and  carbonate.  Pyromorphite  (lead-phosphate)  is  more 
rare.  Wolfram  is  found  in  Madison  County,  and  manganese 
and  manganiferous  iron  in  Iron  County. 

Sulphate  of  baryta,  locally  known  as  "  tiff,"  is  found  in  the 
lead  mines  of  Cole,  Miller,  and  Morgan,  and  is  used,  as  in  Europe, 
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for  adulterating  white-lead.  Mineral  oils  are  widely  diffused,  but 
nowhere  occur  in  quantity.  The  saccharoid  sandstone,  which  is 
100  feet  thick  at  Cape  Girardeau  and  133  feet  at  St.  Charles  and 
Warren,  is  an  excellent  material  for  the  glass  manufadlure. 


Electricity  :  its  Theory  ^  Sources,  and  Applications.  By  John  T. 
Sprague,  Member  of  the  Society  of  Telegraph  Engineers. 
London  :  E.  and  F.  N.  Spon.     1875. 

The  Author  having  contributed  to  the  *^  English  Mechanic  "  a 
number  of  articles  on  Eledtricity,  now  colledls  them  for  the  first 
time ;  and  his  objedl  in  making  this  compilation  has  been  to  review 
and  systematise  the  leading  fadls  of  the  science,  and  thus  to  pro- 
vide for  general  readers,  interested  in  the  subjed^,  a  catalogue  rai- 
sonnee.    The  work  is  divided  into  twelve  chapters,  followed  by  a 
short  **  Dictionary  of  Terms."    The  first  chapter  is  introductory, 
and  at  the  outset  our  knowledge  is  divided  into  Metaphysics  and 
Physics^  the  latter  being  designated  *'  the  basis  of  all  our  real 
knowledge."      Various  definitions   follow : — Matter,   elements, 
atoms,  atomicity,  molecules,  chemical  notation,  ether.     These 
definitions  are  slight,  and  sometimes  very  incomplete,  and  even 
inaccurate.    Thus  we  are  told  that  **  the  atom  has  several  rela- 
tions to  force,  while  gravity,  heat,  and  chemical  afHnity  are  the 
only  forces  specified."     Again,  of  the  ether  it  is  said  that  astro- 
nomy affords  us  adlual  evidence  of  its  existence,  yet  that  we 
know  "  absolutely  nothing"  about  it.     Although,  indeed,  astro- 
nomy furnishes  one  proof  of  its  existence,  it  is,  we  think,  by  no 
means  the  principal  proof,  and  no  one  who  has  studied  the  phe- 
nomena of  polarised  light  can  say  that  we  know  absolutely 
nothing  of  the  ether.     In  discussing  valency,  we  are  told  that 
**  one  of  the  oldest  ideas  of  the  atom  was  that  matter  had  no 
real  existence,  and  that  atoms  were  simply  centres  of  force ;" 
but  surely  this  was  one  of  the  later  phases  in  the  history  of  the 
atomic  theory.    The   division   of   molecules  into   '*  molecules 
which  are  also  atoms,"  and  **  molecules  formed  of  two  similar 
atoms,"  is  singularly  perplexing  to  the  student,  and  surely  a 
very  novel  idea.     Finally,  we  have  a  classification  of  the  forces, 
and  an  expression  of  the  belief  that  eledlricity,  like  heat,  is  a 
mode  of  motion.    Altogether  we  think  this  introducflory  chapter 
will  be  of  little  use  to  the  general  reader  unless  he  has  already 
thought  over  for  himself  the  various  subjecfls  which  itdiscusses, 
and  can  thus  discriminate  between  hypotheses  and  fadls,  and  at 
the   same  time  supplement  the  somewhat   partial  knowledge 
which  it  conveys.     The  second  chapter,  which  occupies  about 
one-seventh  of  the  book,  treats  of  static  elecflricity.     This  sub- 
jedt  is  treated  in  a  somewhat  abstruse  and  occasionally  very 
hypothetical  form  :  for  example  (p.  22)  it  is  pure  hypothesis  to 
assume  that  the  molecules  of  bodies  are  spherical,  and  that  if 
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they  are  caused  to  rotate  about  a  vertical  axis,  they  will  become 
ellipsoidal,  and  that  a  substance  is  then  said  to  be  polarised. 
The  theory  of  inducflion  developed  therefrom,  which  we  are  told 
is  very  different  from  Faraday*s  theory,  is  equally  hypothetical. 
The  adlual  subjecfl  of  induction  (p.  31)  receives  but  slight  dis- 
cussion, and  the  author  passes  on  at  once  to  eledlrical  machines. 
The  adlion  of  the  Holtc  machine  is  described,  but  in  so  compli- 
cated a  form  that  we  are  convinced  no  general  reader  could 
follow  it  for  a  moment.  That  important  instrument,  the  Leyden 
jar,  is  neither  figured  nor  described,  because  it  is  so  well  known. 
The  third  chapter  treats  of  magnetism,  the  fourth  of  galvanic 
batteries.  This  latter  contains  a  very  fair  account  of  the  exist- 
ing batteries,  including  several  of  the  new  forms,  and  at  the  end 
of  the  chapter  a  list  of  11  batteries  is  given,  with  the  various 
purposes  for  which  they  are  most  suitable.  The  fifth  chapter, 
occupying  more  than  50  pages,  is  on  the  very  important  subje<5l 
of  ele(flrical  measurement ;  the  author  has  evidently  g^ven  much 
attention  to  the  matter,  and  the  account  which  he  gives  is  valu- 
able, and  will  be  appreciated  by  those  engaged  in  pradlical  tele- 
graph work,  as  also  will  the  following  chapter  on  condudlivity 
and  resistance.  In  the  seventh  chapter  the  current  is  discussed, 
and  this  is  commenced  by  a  statement  of  Ohm's  law.  At 
curious  diagram  on  p.  204  attempts  to  explain  the  adlion  of  the 
galvanic  current  by  a  mechanical  analogy.  This  chapter  is 
appropriately  followed  by  one  on  ele<5lromotive  force,  wherein 
will  be  found  (p.  217)  a  table  giving  the  value  of  no  less  than 
29  units.  Final  chapters  treat  of  eledlrolysis,  elecflro-magnetism, 
and  elecflro-metallurgy.  A  short  dictionary  of  terms  con- 
cludes the  work.  The  Eledtric  Telegraph  oddly  enough 
receives  only  a  few  pages  of  notice  at  the  conclusion  of 
the  book.  One  of  the  first  things  we  look  for  now-a-days  in  a 
work  on  Ele(5lricity  is  a  definition  of  that  much-used  (and  by 
beginners  much-abused)  word  Potential.  Mr.  Sprague  does  not 
employ  it,  because,  according  to  his  view,  *'  at  present  it  has 
really  no  definite  and  accepted  meaning**;  in  support  of  this 
assertion  he  quotes  the  definitions  of  Latimer  Clark  and 
Fleeming  Jenkin,  and  shows  that  they  are  at  variance.  He  con 
siders  that  the  word  is  almost  always  used  in  place  of  tension  or 
elecflromotive  force.  Again,  the  Farad  is  a  term  which  does 
not  always  receive  the  same  definition. 

The  book  bears  evidence  of  much  thought,  but  it  is  somewhat 
patchy,  and  very  jerky  and  variable  in  style.  We  do  not  think 
that  it  can  be  useful  to  the  general  reader,  or  indeed  to  anyone 
but  the  advanced  student.  To  him  we  recommend  a  perusal 
of  the  work.  It  is  often  eminently  suggestive,  and  if  he  be 
already  well  grounded  in  ele(5lrical  matters,  he  will  find  much  in 
Mr.  Sprague's  book  to  excite  his  thinking  faculties. 


1875-]  ( 543 ) 

THE  BRITISH  ASSOCIATION  FOR  THE  ADVANCEMENT  OF 
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THE  limited  space  at  oar  disposal  will  not  allow  of  more  than  a  brief 
notice  of  the  1875  meeting  of  the  British  Association,  which  commenced 
on  August  25th  at  Bristol.  The  local  committee,  of  which  Mr.  W.  Lant 
Carpenter  and  Mr.  F.  Clarke  were  secretaries,  had  made  every  possible 
arrangement  for  the  comfort  and  convenience  of  the  visitors.  There  were 
not  wanting  incidents  to  remind  the  members  of  the  rapid  progress  in  science 
daring  the  39  years  which  had  elapsed  since  the  previous  meeting  of  the 
Association  in  Bristol.  It  was  at  Bristol  in  1836  that  the  Mechanical  Sedion 
was  first  instituted,  and  the  President  in  his  inaugural  address  drew  attention 
to  the  fad  that  at  a  meeting  of  that  sedion  Dr.  Lardner  eicpressed  the  opinion 
that  no  steamboat  would  ever  cross  the  Atlantic.  Shortly  after,  however,  the 
Sirius  steamed  from  Bristol  to  New  York  in  Z7  days,  and  was  soon  fol- 
lowed by  the  Great  Western,  which  made  the  homeward  passage  in  13} 
days.  We  have  also  been  reminded  that  at  the  Bristol  meeting  in  1830 
Andrew  Crosse  expressed  the  belief  that  by  means  of  eledricity  instantaneous 
communication  with  all  parts  of  the  world  would  one  day  be  accomplished. 
At  the  second  soirie  this  year  a  display  of  telegraphic  instruments  was  made  by 
the  Post  Office  and  telegraphic  communications  were  maintained  with  Paris, 
London,  and  other  places  throughout  the  evening. 

In  introducing  Sir  John  Hawkshaw  as  President  for  the  year,  Pn>f.Tynda11  said : 
**  In  him  I  doubt  not  you  will  have  a  wise  and  prudent  head,  a  leader  not  likely  to  be 
caught  up  into  atmospheric  vortices  of  speculation  about  things  organic  or  inor* 
ganic,  about  mind  or  matters  beyond  the  reach  of  mind,  but  one  who,  struggling 
Antaeus-like,  with  his  subjedhere  to-night,  will  know  how  to  maintain  through- 
out a  refreshing  contad  with  his  mother  earth.  I  have  looked  forward  for  some 
time  to  the  crowning  ad  still  in  prosped  of  his  professional  career,  to  give 
our  perturbed  spirits  rest  in  crossing  the  Channel  in  visiting  our  fair  sister 
France.  But  pending  that  great  achievement,  it  is  his  enviable  lot  to  steer 
this  British  Association  through  calm  waters  to  a  haven  of,  at  all  events, 
temporary  rest — rest  ail  the  more  sweet  and  needful  from  the  tempestuous 
weather  which  rasher  navigators  who  preceded  him  thought  it  their  duty  to 
encounter  rather  than  to  avoid.  To  his  strong  hand  I  commit  the  helm  of 
our  noble  barque,  wishing  him  not  only  success,  but  triumph  in  that  task  he 
has  undertaken,  and  which  I  now  call  upon  him  to  fulfil.*' 

Sir  John  Hawkshaw,  F.R.S.,  delivered  a  long  and  able  address  on  the 
origin,  history,  and  progress  of  the  science  of  engineering. 

Several  of  the  sedional  addresses  possessed  unusual  merit;  they  do  not, 
however,  admit  of  sufficient  compression  for  us  to  give  abstrads  of  them. 
The  papers  on  subjeds  conneded  with  physical  science  were  not  so  numerous 
as  on  some  former  occasions.  Several  of  those  read,  however,  were  of  great 
value. 

Professor  Everett  presented  the  report  of  the  Underground  Temperature 
Committee,  which  has  now  been  in  existence  eight  years.  He  gave  an 
interesting  account  of  investigations  in  the  St.  Oothard  Tunnel.  The  dis- 
tance now  penetrated  is  more  than  a  mile  and  a  half  at  each  end,  and  the 
temperature  is  found  to  be  higher  in  the  Swiss  than  in  the  Italian  end,  although 
the  thickness  of  rock  overhead  is  less.  The  length  of  the  tunnel  when  com- 
pleted will  be  nine  miles,  and  the  greatest  depth  beneath  the  surface  two  miles. 

Dr.  Guthrie,  F.R.S.,  read  a  paper  **  On  the  Measurement  of  Wave  Motion." 
By  means  of  cylindrical  troughs,  he  shows  that  the  rate  of  undulation  varies 
inversely  as  the  square  root  of  the  diameter.  This  confirms  die  assertion 
that  the  rate  of  wave  progress  varies  diredly  as  the  square  root  of  the  wave 
len^h ;  because  the  rate  of  recurrence  must  vary  as  the  rate  of  progression 
divided  by  the  path. 

Dr.  J.  Hopkinson  read  an  important  paper  by  Professor  Stokes  and  himself 
'*  On  the  Optical  Properties  of  Titano-Silicic  Glass."  The  principal  objed 
for  the  experiments,  via.,  the  produdion  of  a  titano-silicic  dass  suitable  for 
destroying;  the  secondary  spedrum  in  an  achromatic  combination,  has  not 
been  attained. 
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Professor  Osborne  Resmolds  read  a  paper  **  On  the  Relra&ion  of  Sound  I17 
the  Atmosphere.'*  By  means  of  an  eledric  bell,  the  author  foand  that  with 
a  cloudy  sky  and  no  dew  the  sound^  could  be  heard  farther  with  than 
against  the  wind ;  but  with  a  clear  sky  and  a  heavy  dew,  the  sound  coold  be 
heard  as  far  against  a  light  wind  as  with  it. 

Mr.  J.  A.  Fleming  read  a  paper  "  On  the  Decomposition  of  an  Eledrolyte 
by  Magneto- Eledric  Indudion."  This  paper  appears  in  full  in  "  The  Eledrical 
^fews  and  Telegraphic  Reporter.*' 

The  Rev.  S.  J.  Perry,  of  Stoneyhurst  College,  made  some  remarks  on  the 
transit  of  Venus.  With  regard  to  the  stations  in  the  North,  Father  Perry  said 
they  were  left  to  the  care  of  the  Russians,  and  the  English,  Americans, 
Germans,  and  others  confined  their  observations  to  the  southern  hemisphere. 
As  it  was  mid-winter  the  sun  was  very  nearly  on  the  line  of  the  southern 
tropics  and  nearly  vertical  over  the  eastern  border  of  Australia.  There  were 
primarily  five  English  expeditions,  but  as  these  were  subdivided,  there  were 
nearly  20  stations  of  observation.  His  station  was  Kerguelen,  to  the  south- 
west of  Australia.  On  the  morning  of  the  transit  they  divided  into  three  par- 
ties, and  were  so  placed  that,  with  the  Americans,  they  formed  four  parties, 
about  eight  miles  distant  firom  each  other.  They  saw  the  sun  very  well  until 
almost  the  time  that  Venus  was  coming  on  to  the  8un*s  disc,  and  they  had 
the  external  contaA  as  well  as  could  be  expeded,  for  there  never  could  be 
absolute  certainty  with  regard  to  such  a  point.  They  continued  very  well 
until  they  had  taken  the  bisedion  by  the  planet  of  the  sun's  disc,  but  then 
there  was  just  one  little  cloud  that  came  and  placed  itself  right  over  the 
planet  and  remained  till  zo  minutes  after  the  commencement  of  the  transit. 
At  the  other  stations  they  were  able  to  make  observations  of  the  ingress.  At 
his  station  they  were  al>le  to  get  very  good  observations  and  photographs  of 
the  internal  points  of  contad  and  also  of  egress.  The  results  of  the  obser- 
vations would  not  be  ascertained  for  at  least  7  years,  the  determination  of 
their  longitude  occu^ving  a  very  long  time. 

M.  Janssen  contributed  a  paper  on  the  same  subjed.  By  using  coloured 
glasses,  so  seleded  as  to  allow  the  light  of  the  corona  to  pass,  he  succeeded  in 
seeing  the  planet  for  10  minutes  previous  to  its  entering  upon  the  sun's  disc« 
His  observations  establish  the  existence  of  an  atmosphere  to  Venus. 

Sir  William  Thomson  illustrated  by  diagrams  the  description  of  his  experi- 
ments "  On  the  Efiieds  of  Stress  on  the  Magnetism  of  Soft  Iron."  With  steel 
wire  the  magnetism  diminished  when  weights  were  attached  to  the  wire  and 
increased  when  they  were  taken  off,  but  when  iron  wire  almost  as  soft  as  lead 
was  used  these  results  were  reversed. 

Professor  W.  F.  Barrett  read  a  paper  on  the  Effeds  of  Heat  on  the  Molecular 
Strudure  of  Steel.  In  the  course  of  experiments  he  had  found  that  steel  of  any 
thickness,  if  heated  to  a  certain  temperature,  ceases  to  expand,  and  the  steel 
wire  does  not  increase  in  temperature.  The  length  of  time  during  which  this 
abnormal  condition  lasts  varies  with  the  thickness  of  the  wire  and  the  rapidity 
with  which  it  can  be  heated.  No  further  change  takes  place  till  the  heat  is  cat 
off,  and  then  when  the  point  is  reached  at  which  the  change  took  place,  an 
adual  increase  in  temperature  occurs  sufficiently  great  to  cause  the  wire  to  glow 
with  a  red  heat.    It  was  strange  that  this  afterglow  had  not  been  noticed  before. 

Some  interesting  experiments  on  magnetised  rings,  plates,  and  discs  of 
hardened  steel  were  exhibited  by  Mr.  P.  Braham. 

Mr.  Glaisher  presented  the  report  of  the  Committee  on  Luminous  Meteors. 
A  mass  of  meteoric  iron  fell  on  the  24th  August,  18^3,  at  Maysville,  Califor- 
nia, and  was  one  of  the  very  few  pieces  of  metallic  iron  the  adual  descent  of 
whicb  had  been  witnessed.  In  the  following  month  a  number  of  meteorites 
fell  near  Khairpur,  in  the  Punjaub,  and  it  is  also  related  that  in  the  month  of 
December,  when  the  British  army  baited  on  the  banks  of  the  Prah,  an  aerolite 
fell  in  the  market-place  at  Coomassie,  and  was  regarded  as  a  portent  of  evil  by 
the  natives.  On  the  14th  and  20th  of  May  aerolites  fell  at  Castalia,  in  North 
Carolina,  and  the  last  stone  fall  of  the  present  year  took  place  on  the  12th 
February,  1875,  near  Iowa.  In  England  no  detonatory  meteor  had  been  ob- 
served this  year,  and  the  brightest  meteor  occurred  on  the  zst  September,  1874. 
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A  meteor  bnret  with  a  load  detonation  over  Paris  on  the  zoth  February,  of 
great  size  and  brilliancy,  and  left  a  cloud  like  a  streak  of  light  in  its  track  for 
nearly  half  an  hour.  No  duplicate  observation  of  it  was  obtained  in  England. 
Another  fireball  fell  at  Orleans  on  the  gth  March,  and  of  this  two  good  obser- 
vations were  obtained  in  England — in  London  and  Essex.  The  problem  of  the 
connexion  between  comets  and  meteors  had  now  become  so  great  as  to  pass 
beyond  the  power  of  the  Association  to  grapple  with  it  in  its  fullest  extent. 
There  was  a  great  deal  of  work  yet  to  be  done,  and  he  was  elad  to  state  that 
Professor  Le  Verrier,  of  Paris,  had  made  arrangements  with  some  six  thou- 
sand gentlemen  who  in  different  parts  of  France  and  her  colonies  would  devote 
night  after  night  to  the  study  of  meteoric  astronomy. 

Professor  Herschell  added  some  particulars  of  the  work  of  the  committee 
with  regard  to  the  connexion  between  meteors  and  comets,  and  stated  that  the 
aerolites  were  stone  bodies  differing  very  little  from  volcanic  rocks. 

Sir  William  Thomson  said  the  evidence  they  had  with  regard  to  the  mats  of 
comets  was  altogether  negative.  There  was  nothing  in  observations  to  justify 
the  assertion  of  their  being  so  extremely  small  as  sometimes  said.  It  would 
be  interesting  to  obtain  some  definite  knowledge  of  the  mass  of  a  comet,  bv 
comparison  with  some  other  body  of  the  solar  system.  The  whole  subjed  still 
presented  great  difficulty,  and  the  whole  of  the  wonderful  phenomena  were  not 
fully  explained,  but  he  thought  that  on  the  whole  they  might  consider  it  quite 
established  that  the  comet's  tail  was  really  a  train  of  meteors. 

Mr.  G  J.  Symons  presented  the  report  of  the  Rainfall  Committee.  During 
the  past  fifteen  years  the  number  of  stations  has  been  raised  firom  241  to 
nearly  2000. 

Relative  to  the  rainfall  in  Monmouthshire  and  the  Severn  Valley  on  July  the 
14th,  Mr.  Symons  said  the  rainfall  was  simply  a  mass  of  vapour  that  cane  up 
from  the  west,  and  it  commenced  at  Tenby  between  midnight  and  one  a.m.  on 
the  morning  of  the  14th  July.  It  travelled  at  the  rate  of  about  18  miles  an 
hour,  and  at  four  p.m.  in  the  same  day  it  pasted  off  by  the  north  coast  to  Nor- 
folk. As  to  its  breadth  it  took  about  36  hours  to  pass  over  any  given  points. 
The  quantity  of  water  that  fell  varied  very  much  over  the  whole  country,  and 
was  deepest  the  west  side  of  a  line  drawn  from  the  Isle  of  Wight  to  the  Isle 
of  Sheppey,  and  thence  to  the  north-east.  Some  stations  in  Monmouthshire 
and  Glamorganshire  had  a  rainfall  of  over  3  inches ;  at  fourteen  stations 
the  rainfall  exceeded  4  inches;  at  six  it  was  over  5  inches;  and  at  Tintem 
Abbey,  usually  considered  a  dry  station,  the  rainfall  was  5*31  in  24  hours. 
This  was  followed  with  storms  in  which  from  2  to  3  inches  of  rain  fell.  At 
Tamunk  there  was  the  extraordinary  fall  of  9I  inches  in  8  days,  or  one-third  of 
the  average  rainfall  for  a  year. 

Professor  Hennessy  read  a  paper  on  "  The  Influence  of  the  Physical  Proper* 
ties  of  Water  on  Climate."  The  author  believes  that  of  all  substances  largely 
existing  in  nature  water  is  the  most  favourable  to  the  absorption  and  distribu- 
tion of  solar  heat  throughout  the  external  coating  of  the  earth. 

The  same  author  also  read  a  paper  "  On  the  Possible  Influence  on  Climate 
of  the  Substitution  of  Water  for  Land  in  Central  and  Northern  Africa." 

Captain  Abney,  R.E.,  in  a  paper  **  On  the  Increase  of  Adinism  due  to  Differ- 
ence of  Motive  Power  in  the  Eled^ric  Light,**  described  the  results  which  bad 
been  observed  in  some  experiments  made  for  Government  upon  magneto- 
eleAric  machines. 

Prof.  H.  A.  Rowland,  of  Baltimore,  described  his  method  of  testing  the  dis- 
tribution of  magnetism  in  iron  bars  and  also  his  experiments  on  the  magnet- 
ising fundion  of  iron,  nickel,  and  cobalt. 

The  report  of  the  Committee  on  the  Thermal  Condnaivity  of  Roeki 
affirms  that  quartz  is  the  best  and  coal  the  worst  condudor. 

A  paper  was  contributed  by  Prof.  Osborne  Reynolds  "  On  the  Force  caused 
by  the  Communication  of  Heat  between  a  Surface  and  a  Gas." 

The  following  papers  were  also  read  by  M.  Janssen  **  On  the  Eclipse  of  Aeril 
5th,  1875, "  *•  On  the  Adual  Position  of  the  Magnetic  Equator  in  the  Oulf  of 
SiajD  and  the  Gulf  of  Bengal,"  *'  On  Mirage  at  Sea." 
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CORRESPONDENCE. 


ATRIAL    LOCOMOTION. 


Six, — I  receivedt  some  time  ago,  an 
article  from  ^our  valuable  paper 
entitled,  '*  Ainal  Locomotion ;  Petti- 
grew  versus  Marey." 

I  cannot  leave  unanswered  the  20 
pages  devoted  to  me  ;  but  as  I  have 
UtUe  taste  for  polemics,  I  will  not 
intrude  to  the  same  extent  on  your 
space.  I  intend  to  sum  up  the  chief 
heads  of  that  accusation,  in  order  to 
answer  them  respedively. 

ist.  The  writer  states  that  in  a 
work  on  the  flight  of  inseds,  I 
had  pointed  out  the  figure-of-eight 
track  made  by  their  wings,  and  that, 
on  a  demand  of  Mr.  Pettigrew,  I  have 
acknowledged  that  this  physiologist 
had  the  priority  over  me  relatively  to 
that  observation. 

and.  That,  later  on,  **  having  evi- 
dently changed  my  views,*'  I  have 
declared  that,  in  spite  of  this  confor- 
mity, my  theory  and  Mr.  Pettigrew's 
differ  materially. 

3rd.  That,  in  order  to  arrive  at 
this  demonstration,  I  had  reproduced 
and  altered  Mr.  Pettigrew's  figures. 

4th.  That,  concerning  the  flight  of 
birds,  I  had  copied  Mr.  Pettigrew 
in  the  same  indiscreet  manner,  to 
substantiate  which  the  writer  of  the 
article  accumulates  24  pages  of  quo- 
tations, which,  he  says,  might  be 
more  numerous. 

I  see  in  this  article  nothing  but  the 
sincere  expression  of  a  great  love  for 
scientific  truth.  This  feeling  finds 
way  in  the  final  sentence  in  which 
the  author  assures  that  my  process 
**  saps  the  foundation  of  science.*' 

Before  bringing  such  an  accusation 
it  would  have  been  perhaps  fair  lor 
the  critic  to  be  enlightened  on  the 
question.  If  he  had  consulted  Mr. 
Pettigrew  he  would  certainly  have 
learned  that  I  never  accepted  his 
theory  on  the  flight  of  inseds,  no 
more  dian  he  accepts  mine  on 
the  flight  of  birds.  Under  these  cir- 
cumstances it  was  not  easy  to 
plagiarise. 

My  severe  accuser  may  have  been 
misled  by  the  excess  of  conciseness 


under  which  Mr.  Pettigrew  labours 
every  time  he  happens  to  quote  my 
answer  to  his  complaints.  In  lad  he 
presents  it  in  the  following  way : — 
**  I  have  ascertained  that  in  reality 
Mr.  Pettigrew  has  been  before  me, 
and  represented  in  his  memoirs  the 
figure-of-8  track  made  by  the  wing  of 
the  insed,  and  that  the  optic  method 
to  which  I  had  recourse  is  almost 
identical  with  his.  ...  I  hasten 
to  satisfy  this  legitimate  demand, 
and  I  leave  entirely  to  Mr.  Pettigrew 
the  priority  over  me  relatively  to  the 
question  as  restrided."  —  Comptus 
RenduSf  May  z6th,  1870,  p.  1093. 

Now,  the  suspensive  stops  which 
break  the  quotation  stand  for  the  end 
of  the  sentence,  which  runs  thus : 
**  But  we  differ  entirely  on  the  inter- 
position of  the  trajedory  seen  by  us 
both.** 

I  do  not  suppose  that  Mr.  Pettigrew 
has  purposely  suppressed  those  last 
words:  perhaps  they  have  escaped 
him,  for  I  am  loth  to  believe  that 
any  author  would  intentionally  muti- 
late a  text ;  the  more  so  as  my  sen- 
tence quoted  in  that  way  has  no 
meaning.  What  would  be  the  mean- 
ing of  **  leaving  the  priority  as 
restrided*'  if  no  restridion  is  men- 
tioned ? 

'  Then  I  had  not  to  change  my  views 
in    order  to  rejed    Mr.    Pettigrew's 
theorr  on  the  flight  of  inseds.     I  re- 
jedcd  it  as  soon  as  I  knew  it,  and  pre- 
cisely on  account  of  the  figure  I  am 
accused  of  having  purposely  altered. 
By  referring  to  page  233  of  the 
Transadions  of  the  Linnean  Society, 
vol.  xxvi.,  and  to  my  work  entitled 
**  Animal  Mechanism,'*  fie.  86  (page 
201  of  the  English  trandation),  the 
reader  will  see  that  I  have  very  accu- 
rately counterdrawn  the  figure  given 
by  Mr.  Pettigrew,  with  arrows  flow- 
ing the  diredion  of  the  motion.     He 
will  see,  besides,  that  the  English 
author  expressly  states  that  the  wing 
of  the  insed  is  turned  completely, 
and    that    its    "  posterior   or  thin" 
margin  takes  the  place  of  the  "  anterior 
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or  thick*'  margin,  it  vies  versa^  which 
implies  an  adive  **  retoumement"  of 
the  wing. 

But  this  figure  must  he  looked  for 
in  the  article  of  the  **  Transadions  of 
the  L.  S.,*'  published  before  Mr.  Pet- 
tigrew*8  complaints  and  before  my 
answer.  It  is  no  more  to  be  found 
in  the  posterior  publications. 

This  figure,  without  doubt,  has 
been  lost.  It  has  even  been  forgotten 
to  such  an  extent  that  when  Mr. 
Pettigrew  traces  afterwards  the  tra- 
jedory  of  an  inseA's  wing,  he  points 
nis  aiding  arrows  not  in  the  same 
diredion  as  formerly,  but  in  the  direc- 
tion according  to  which  I  had  always 
pointed  them. 

With  reference  to  the  flight  of 
birds,  my  accuser  piles  up  quotations. 
He  compares  texts,  and  every  time 
he  m^^ets  with  similar  expressions  in 
the  English  and  French  books,  he 
raises  a  cry  of  plagiarism,  as  if  it 
were  possible  to  treat  of  the  flight  of 
birds  without  speaking  of  wing, 
child's  kite,  inclined  plane,  sculling, 
&c. 

This  overflowing  copiousness   of 


quotations  has  the  effed,  perhaps  not 
intended,  of  fatiguing  the  mind  and 
misleading  the  judgment  of  the 
reader.  Would  it  not  be  much  more 
for  the  purpose  to  take  Mr.  Pettigrew's 
own  opinions  on  the  debate  ? 

Mr.  Pettigrew,  in  his  last  work 
{**  The  Animal  Locomotion"),  devotes 
zo  pages  to  impugn  my  theory  on  the 
flight  of  birds,  and  a  special  chapter 
to  show  to  what  extent  his  own 
theory  diflers  from  it.  This  work  of 
Mr.  Pettigrew,  as  well  as  my  book 
entitled  ''Animal  Mechanism,**  hav- 
ing been  respedively  translated  in 
both  languages,  every  one  can  com- 
pare them,  and  by  so  doing,  will 
ascertain  that  two  authors  could  not 
easily  have  treated  the  same  subjed 
with  more  widely  dissimilar  methods 
and  arrived  at  more  different  conclu- 
sions. 

But  those  who  have  only  read  the 
article  in  the  **  Quarterly  Journal** 
may  form  an  estimate  of  me  which  I 
am  anxious  to  corred. — Believe  me, 
dear  sir,  yours  very  respedfully, 

Marby, 
FrofesMiir  au  College  de  Prance. 
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MINING. 

From  the  Annual  Reports  of  the  Inspedora  of  Mines,  issued  during  the  past 
quarter,  it  appears  that  in  the  year  1S74  there  were  4332  mines  working  under 
the  Coal  Mines  Regulation  A6t.  The  number  of  persons  employed  was  537*i7S 
in  Great  Britain  and  165 1  in  Ireland.  The  total  number  of  lives  lost  in  our 
coal  and  iron  mines  was  1056,  as  against  1069  in  the  previous  year.  In  our 
metalliferous  mines  there  were  only  103  deaths  from  accidents. 

A  valuable  paper  by  Mr.  Handel  Cossham,  Mr.  Wethered,  and  Mr.  Saise, 
descriptive  of  a  part  of  the  Bristol  coal-field,  was  read  before  the  Geological 
Sedion  of  the  British  Association,  and  has  since  been  published,  with  illustra- 
tions, in  the  **  Colliery  Guardian." 

It  is  proposed  by  Mr.  A.  B.  Boullenot,  of  Paris,  that  safety  lamps  in  fiery 
pits  should  be  furnished  with  air  introduced  entirely  from  outside  the  mine. 
To  this  end  compressed  air  is  forced  from  an  air-pump  at  the  surface  down  a 
system  of  pipes  leading  to  the  lamp.  The  lamp  itself  is  of  improved  construc- 
tion, and  specially  adapted  for  receiving  compressed  air. 

An  interesting  paper  on  the  history  of  the  methods  of  draining  minet  by 
non-rotating  steam  appliances,  by  Mr.  Stephan  Holman,  has  been  published 
in  the  **  Transa&ions  of  the  Chesterfield  and  Derbyshire  Institute  of  Mining 
Engineers." 

The  gold  distrids  of  the  Province  of  Otago  in  New  2^aland  have  been  re- 
ported on  by  Mr.  G.  F.  Ulrich<  The  observations  were  made  during  a  tour  of 
inspedion  in  the  early  part  of  this  year,  and  refer  not  only  to  the  auriferous 
quartz-reefs  and  crushing  machinery,  but  also  to  the  occurrence  of  copper  ore, 
cinnabar,  antimonite,  and  brown  coal.  Appended  to  the  Report  is  a  descrip- 
tion of  the  German  Treppenrost  or  step-furnace  for  the  combination  of  brown 
coal. 

Gold-mining  in  Japan  has  been  the  subjed  of  a  Report  by  Mr.  H.  S.  Munroe, 
of  the  Imperial  College  of  Tokai.  Ttie  richest  of  these  gold  deposits  are  those 
at  Toshibetsu,  which  are  worked  in  a  primitive  manner  by  the  Japanese ;  but 
even  these  are  extremely  poor,  and  would  probably  not  repay  the  cost  of  in- 
troducing improved  methods  of  working. 

Mr.  Mark  Fryar  his  issued  a  Report  from  Moulmein,  dated  last  May,  in 
which  he  descriMS  several  mineral  localities  in  Burma.  Gold-mining  is  car- 
ried on  at  Shwe-gyeen,  and  iron  ores  appear  to  be  generally  distributed,  but  are 
worked  only  on  a  small  scale  and  in  primitive  fashion. 

It  may  be  worth  noting  that  the  cel^ated  Adalbert  shaft  of  the  silver-lead 
mines  of  Pribram  in  Bohemia,  has  just  reached  the  extraordinary  depth  of  1000 
metres.  The  events  was  celebrated  by  festivities  on  the  X3th,  14th,  and  15th 
of  September. 

METALLURGY. 

At  the  Annual  Provincial  Meeting  of  the  Iron  and  Steel  Institute,  held  this 
year  at  Manchester  under  the  presidentship  of  Mr.  Menelaus,  a  paper  **  On  the 
Use  of  Caustic  Lime  in  the  Blast-Fumace  "  was  read  by  Mr.  I.  Lowthian  Bell, 
M.P.  The  author  described  in  detail  some  researches  carried  out  at  the 
Clarence  Works  with  the  view  of  determining  what  advantage,  if  any,  results 
from  calcining  the  limestone  before  using  it  as  a  flux.  In  a  furnace  48  feet 
high,  of  a  capacity  of  6000  cubic  feet,  and  with  a  make  of  about  300  tons  per 
week,  the  saving  of  fuel  effeded  was  only  insignificant,  but  the  yield  of  iron 
from  Cleveland  ores  was  increased,  and  the  quality  of  the  metal  was  improved. 
In  a  furnace  of  better  construAion,  80  feet  high,  holding  20,000  cubic  feet,  and 
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yielding  350  tons  weekly,  there  appeared  to  be  absolutely  no  advantage  in 
employing  calcined  instead  of  raw  limestone.  It  appears,  however,  that  in 
none  of  the  trials  was  more  than  about  one-half  of  the  carbonic  anhydride 
expelled  from  the  stone. 

'  Some  improvements  in  the  form  of  moulds  for  casting  ingots  of  steel  have 
been  effected  by  Mr.  W.  Hackney,  who  explained  to  the  Institute  the  construc- 
tion of  these  moulds.  Being  subject  to  very  sudden  and  violent  alternations  of 
temperature,  the  ordinary  moulds  frequently  crack ;  but  in  Mr.  Hackney*s  de- 
sign the  thickness  of  metal  at  different  parts  of  the  circumference  of  the  mould 
is  so  adjusted  that  the  expansion  when  heated  is  pretty  equal  all  round,  and 
the  cracking  is  thus  to  a  large  extent  prevented. 

An  improved  form  of  hearth  lately  put  in  at  one  of  the  blast-furnaces  of  the 
Tees  Iron  Works  was  described  to  the  Institute  by  Mr.  Charles  Wood,  whose 
methods  of  utilising  slag  are  now  well  known.  Mr.  Wood's  hearth  combines 
the  closed-hearth  system  with  an  open  fore-part,  and  a  new  water-plate  ai^ 
rangement  over  which  the  slag  is  drawn,  and  by  which  it  is  prevented  from 
destroying  the  brick  work  or  fire-clay  through  which  it  issues. 

Price's  Patent  Retort  Furnace,  which  was  brought  before  the  Institute  by  Mr. 
Lowthian  Bell,  is  an  arrangement  for  avoiding  the  loss  of  heat  which  occuvs  in 
the  gas-producers  of  the  regenerative  furnace.  Several  of  these  retort  fur- 
naces have  for  some  time  been  in  use  at  Woolwich. 

Certain  improvements  in  rotatory  puddling-fumaces  have  recently  been 
effeded  by  Messrs.  £.  A.  and  J.  A.  Jones,  of  Middlesbro*.  The  improvements 
relate  chiefly  to  the  means  of  admitting  and  expelling  water  from  the  casing  of 
the  furnace. 

Some  experiments  on  puddling  by  the  aid  of  a  blast  have  been  made  at  the 
Bull  Bridge  Iron  Works,  near  Wolverhampton,  and  appear  to  be  of  some  im- 
portance. The  blast  is  injeded  through  four  tuyeres  at  the  top  of  the  furnace, 
and  by  impinging  on  the  flame,  as  soon  as  it  has  come  over  the  fire-bridge,  pro- 
duces an  .intense  heat,  which  hastens  the  puddling  and  is  said  to  improve  the 
charadler  of  the  metal. 

In  blowing  out  a  blast-furnace  in  the  Middlesbro*  distrid  some  crystalliue 
produces  were  found  in  the  upper  part  of  the  **  dead  horse,'*  and  these  have  been 
analysed  by  Mr.  G.  Johnston,  of  Leeds,  who  has  communicated  the  analyses  to 
the  **  Chemical  News."  The  mass  of  slag  and  metal  under  the  hearth  had 
probably  been  exposed  for  10  or  12  years  to  a  temperature  not  much  below  the 
melting-point  of  cast-iron.  The  crystals  found  in  this  mass  are  odahedral  in 
form,  and  may  be  resolved  into  two  portions,  one  part  being  malleable  and  the 
other  easily  pulverised.  A  sample  of  the  latter  yielded  as  much  as  29*58  per 
cent  of  graphitic  carbon. 

M.  Boussingault's  **  Etudes  sur  la  transformation  du  fer  en  acier  par  la 
Cementation  "  will  be  found  in  a  recent  number  of  the  **  Annales  de  Chimie."* 
The  objeds  of  his  experiments  were  to  determine  bow  long  the  iron  and  car- 
bon are  in  contad  at  a  red  heat  during  the  process  of  cementation ;  what  is 
the  temperature  of  the  interior  of  the  chests  at  different  stages  of  the  process; 
and  what  the  nature  and  quantity  of  the  substances  acquired  or  lost  during  the 
changes  effedied  by  cementation. 

It  seems  likely  that  metallurgists  may  soon  be  able  to  use  petroleum  as  a 
fuel,  if  reliance  can  be  placed  on  what  has  been  called  **  A  New  System  of  Oil 
Metallurgy."  Experiments  made  in  New  Jersey  by  Dr.  Eames  have  shown,  it 
is  said,  that  petroleum  may  advantageously  be  used  in  the  re-heating  furnace 
for  iron.  The  petroleum  in  the  Eames  furnace  is  converted  into  vapour  in  the 
**  generator,"  where  it  drips  from  shelf  to  shelf,  and  during  its  flow  meets  a 
slow  opposing  current  of  steam.  The  mixed  vapours  pass  into  a  chamber 
where  they  are  brought  in  contad  with  a  blast  of  air,  and  combustion  conse- 
quently efieded. 

The  metallurgist,  not  less  than  the  physicist,  is  interested  in  Mr.  W.  C. 
Roberts's  recent  researches*  on  certain  alloys  of  silver  and  copper  which  have 
been  brought  before  the  Royal  Society.    These  silver-copper  alloys  possess 
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such  molecular  mobility  that  it  is  difficult  to  obtain  an  ingot  of  homogeneous 
composition.  The  melting-points  of  a  series  of  alloys  of  silver  and  copper 
are  represented  graphically,  and  the  curve  exhibits  a  somewhat  rapid  fall  from 
pure  silver  to  the  alloy  employed  for  our  silver  coinage,  which  contains  925 
parts  of  silver  in  zooo  of  the  idloy,  and  corresponds  approximately  to  the  for- 
mula Ag^Cu.  The  alloy  of  lowest  melting-point  is  represented  by  the  simple 
expression  AgCu.  Liquidation  appears  to  result  from  unequal  cooling  of  the 
molten  mass,  and  is  modified  if  the  cooling  be  retarded.  The  experiments 
made  on  cubes  of  various  alloys  showed  that  the  inolecular  arrangement  is 
largely  dependent  on  the  rate  of  cooling. 

Under  the  name  of  Dysiot  a  new  alloy  has  been  introduced  in  Germany.  Its 
analysis  has  yielded,  copper,  62*30;  lead,  1775;  tin,  10-42;  zinc,  9*2;  iron, 
traces. 

According  to  Mr.  Sergius  Kern  the  chrome-iron  ore  of  the  Ural  mountains 
has  been  used  in  the  preparation  of  a  chrome-iron  alloy,  which  possesses  a  re- 
markable degree  of  hardness,  and  may  be  used  as  a  substitute  tor  spiegeleisen 
in  the  preparation  of  steel  by  the  Siemens  process. 


Microscopy. — Mr,  H.  J.  Slack*  supplies  the  following  valuable  information 
respeding  the  use  of  Mr.  Wenham's  **  Reflex  Illuminator.*' f  "  If  Mr.  Wen- 
ham's  Reflex  Illuminator  is  used  under  the  circumstances  for  which  he  especi- 
ally contrived  it  little  difficulty  will  be  found  with  suitable  objeds.  The  light, 
as  he  explained,  penetrates  only  where  the  objed  makes  a  new  surface  on  the 
slide,  and  '  ads,'  to  use  one  of  his  familiar  phrases,  *  like  a  hole  in  a  dark  lan- 
tern.' "  The  effed  is  so  admirable  upon  many  objeds,  such  as  scales  of  inseds, 
certain  micro-fungi,  minute  algae,  desmids,  diatoms,  &c.,  that  every  one  who 
has  successfully  tried  it  must  wish  to  add  to  its  range  of  utility,  and  this  may 
be  easily  done.  It  will  be  found  that  piost  balsamed  objeds,  and  many  in 
which  the  covering  glass  lies  very  close  to  the  slide,  give  with  it  so  much  false 
light  when  ordinary  objedives  are  employed  that  the  result  is  very  unsatisfac- 
tory. This  false  light  will  be  found  in  many  cases  so  oblique  that  it  can  be 
got  rid  of  by  using  an  objedive  with  a  small  angle,  or  temporarily  reducing  the 
angle  of  an  ordinary  hi^h  power  by  a  movable  stop.  For  example,  a  slide  of 
Surirtlla  gemma  and  this  illuminator  exhibited  no  false  light  with  a  glass  of 
about  7^ ;  some,  but  not  much,  with  a  fine  one-fourth  made  on  Mr.  Wenham's 
new  formula,  and  having  an  angle  of  150* ;  too  much  to  be  endurable  with 
Powell  and  Lealand's  immersion  one-eighth  full  aperture  ;  and  none  with  the 
same  glass  and  with  a  stop  limiting  the  rays  admitted  to  about  go^  Many 
slides  of  butterfly  and  other  scales  taken  at  random  firom  a  cabinet  become 
manageable  with  reduced  apertures,  and  the  effeds,  when  the  plan  succeeds, 
are  very  curious,  beautiful,  and  instrudive.  Mr.  Wenham  has  alluded  to  the 
changed  aspeds  obtained  by  rotating  the  apparatus  when  employed  upon  the 
so-called  Podura  scale  Lefidocyrtus  curvicolUst  and  similar  observations  may 
be  made  with  regard  to  Lepisma  scales,  and  those  of  various  inseds  allied  to 
Podura.  Indeed  it  is  not  prudent  to  pronounce  an  opinion  upon  any  scale  of 
difficulty  until  this  method  has  been  tried  and  all  the  aspeds  it  produces  con- 
sidered in  their  mutual  relations.  It  is  by  no  means  intended  to  advise  micro- 
scopists  against  the  use  of  this  apparatus  with  large-angled  glasses  upon 
objeds  mounted  so  as  to  be  fit  for  it ;  but  when  slides  fail  the  observer  is 
recommended  not  to  abandon  the  plan,  but  to  reduce  the  angle  of  the  glass 
and  try  again,  and  with  good  chances  of  success.  The  apparatus  has  a  re- 
markable power  of  increasing  both  the  penetration  and  resolution  of  good 
objedives. 

*  Paper  read  before  Roval  Microscopical  Society,  sad  June,  1875. 
t  **  Quarterly  J oarnal «  Sdence,"  \ul.  IL,  p.  400. 
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